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PREFACE

Thls tutorial describes the use of the computer program CASM, which is de-
signed to aid the structural engineer in the preliminary design and evaluation
of structural building systems by the use of three-dimensional interactive graph-
ics. Funds for the development of this program and publication of this repornt
were provided to the Information Technology Laboratory (ITL), U.S. Army Engi-
neer Waterways Experiment Station (WES), Vicksburg, MS, by the Directorate
of Military Programs, Headquarters, U.S. Army Corps of Engineers (HQUSACE),
under the Research, Development, Test, and Evaluation (RDT&E) program. The
work was accomplished under Work Unit No. AT40-CA-001 entitied “CASE (Com-
puter Aided Structural Engineering) Building Systems.” The work was performed
by members of Wickersheimer Engineers, Inc., of Champaign, iL, under Contract
No. DACA39-86-C-0024.
Specifications for the program were provided by members of the Building Sys-
tems Task Group of the CASE Project. The following were members of the task
group during program development:

Mr. Dan Reynolds, U.S. Army Engineer (USAE) District, Sacramento

(Chairman)

Ms. Anjana Chudgar, USAE Division, Ohio River

Mr. Pete Rossbach, USAE District, Baltimore

Mr. Dave Smith, USAE District, Omaha

Mr. Mark Burkholder, USAE District, Tuisa

Mr. Jerry Maurseth, USAE District, Portland

Mr. Chris Merrill, WES

Mr. Michael Pace, WES

The computer program and tutorial were written by Messrs. David Wickersheimer,
Gene McDermott, Ken Taylor, and Carl Roth of Wickersheimer Engineers, Inc.

The work was monitored at WES by Mr. Michael E. Pace and Mr. Chris Merrill,
Computer-Aided Engineering Division (CAED), under the general supervision of
Mr. H. Wayne Jones, Chief, Scientific and Engineering Applications Center; Dr.
Reed Mosher, Chief, CAED; Mr. Timothy Ables, Assistant Director, ITL; and Dr.
N. Radhakrishnan, Director, ITL. Mr. Donald Dressler was the original

HQUSACE point of contact, and Mr. Charles Gutberiet Is the present technical |A222231°0 For
monitor. Turis crast g

Dr. Robert W. Whalin is Director of WES. COL Bruce K. Howard, EN, is Commander. || DT1¢ T42
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INTRODUCTION

T’hmddoudowlmyouhmwh a series of example design problems step
by slep to acquaint you with all applications of the program. The basic reference
for the example problems s found in the Appendices of Load Assumptions for
Bulidings, TM 5-809-1/ AFM 88-3, Chapter 1 - Technical Manual, 1966 edition. This
document in general adopts the A.N.S.|. A58.1-1962, Minimum Design Loads for
Buiidings end Other Siructures, which has been nationally adopted in various forms
by the model bullding codes, such as BOCA.

R is assumed that you have completed the INSTALLATION and PROGRAM OVER-
VIEW chepters in the CASM Guide and have the CASM program window displayed
on the monitor. Refer also to the REFERENCE chepter in the CASM User's Guide,
which contains detalled steps and Hustrations for all the CASM commands. You are
encouraged to begin each application of CASM by inputting design criteria that are
consisiently needed by the program to caiculate load data.







CASM PHILOSOPHY

Cmmm\-ymwmnmmmmmm.m
Planning philosophy.

Siructural Planning is the study of structural sysiem allematives within the context
of each project's unique set of program criteria. The goal of structural planning,
and thus CASM, is to select the most appropriate, efficient, and economical struc-
fural system which satisfies established program criteria while integrating the me-
chanical requirements and complementing the intended aesthetics. The
structural planning process must begin during the preliminary design phase,
when major decisions regarding form, function, and aesthetics are being firmly es-
tablished. CASM provides fast, interactive "brainstorming,” a catalyst for the crea-
tive exchange of ideas by the exploration of options that fulfill a desired result.
CASM enables the engineer to rapidly answer the question What if?

The structural engineer needs o develop alternatives, approximate proportions,
ramifications on the architectural criteria, and implications on cost. Usually, sev-
eral structural framing schemes are feasible for any given buliding program.
CASM, through the structural planning process, produces an approximate analy-
sis of each solution, to permit the engineer to compare and test each scheme’s
appropriateness.

CASM is a constantly expanding system that hopes to encompass the myriad of
availahle structural systems, and expound on their attributes as well as their Kabiti-
ties. CASM is intended to help the engineer in his structural decision-making
process. The following flowchart outlines the many facets of CASM and the rela-
tionship of its parts.
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DESIGN CRITERIA

ThhbaooodhntomﬂﬂyouﬂthRﬂERlApd—dwnmmmddog
boxes. The Criteria information which you enter will be used for headings and
reference on the variety of output files that you will create with CASM for your
justification documentation. Information from your design criteria is also used for
initiel deeign load values such as wind and snow loads. For each new project, you
should start by entering project criteria. This chapter describes the sequence of
using the three menu selections on the Criteria pull-down menu--Project, Regional,
and Sie. For this example you will enter the project criteria data for a new
Auditorium at Fort Hauchuca, AZ.

» Note: For ali Criteria dialog window entries you will move the mouse
cursor with the mouse and press the jaft mouse key to select a data
box (you may aiso use the tab key to select data boxes). Once you
have selected a box, a flashing vertical cursor will appear. Any
information that you type from the keyboard will be inserted at the
location of the vertical cursor. You may use the backspace and delete
keys to edit your input.

PROJECT DATA DIALOG WINDOW

Youslmlddwaysstaﬂmwpro]ectswlmmeﬁojeclddogwhdow. The Project
Name and City/installation data are used as a heading for all your output files.
One feature that you may find useful is the City/installation database which you can
create using the Microsoft Windows Cardfile program. A sample City/Installation
cardiiie is provided with CASM. To minimize repetitious input, you may create a
city/instafiation database for those cities and/or installations in which the majority of
your projects will be located. When you select the City/installation drop down list,
you will have the option of selecting a city or installation from your City/installation
database. Al the design data which you have recorded for the selected location will
be automatically inserted in your CASM project file. Please refer to the Criteria
menu section in the CASM User’s Guide for a description of the Cardfile database.

A. Entering Project Criteria data
1. Select CRITERIA from the CASM menu bar, and from the pull-down
menu choose PROJECT. The Project Data dialog window will appear.
2. Insert project name: Auditorium
» NOTE: Avold pressing the ENTER key after typing the project name.
Pressing the ENTER key will automatically close the dialog window

and you will have to reopen it. Use the mouse pointer or the TAB key
to select input data boxes.

3. Select the City/Installation data window button. The button to the right of
the edit box.

a. Select F1. Hauchuca from the pop-up dialog window.

info




DESIGN CRITERIA PROJECT DATA DIALOG WINDOW

oo Dengn v nitenio Project Dty

Project Name:

City/installation: Ft. Hauchuca

e - —

State: IE l Building Code: vec
County: (Cochise _1 No. of Stories: i2

Design Load: TM 5-809-1 1992 |3]
Seismic Code: T™ 5-609-10 1992 [ 3]
l’ Seismic Lateral Load Resistance

Floor Area: | 60000
Occupancy: A2.1

N-S System: B Aw: Typo Conat: HFR
EWSystem:  [B4a Jp] Aw:[8 ] [gx ] [concar]

b. Note that stored information from the database is automatically inserted.
Verify the inserted information.

» Note: If the desired City/Installation name does not appear on the list,
you may type in your selected city or installation.

4. Select the Design Load code used for calculating wind, snow, and mini-
mum roof live loads. You have a choice of the old TM5-809-1 1986 or the
new TM5-809-1 1992,

a. Select TM5-809-1 1986 from the drop down list.

5. Select the Seismic Code data’ . - Only the new TM5-809-10 code is
available.

6. Select the Lateral Load Resistance N-S System data window button.

I ateeal bonoe H:-'.|‘.M||} Syt

Structuel System 81 Rw IS H 82
c. Heavy Timbes [ *
8. Im Frameo Systom u
Steel Eccentric Braced Frame (EBF) 10 240
2. Light Framed Wolls With Shear Panols
a Plywood Walls for Stiuctures 3-stoties or Less 65 :.
b. AN Other Light Framed Walls 65

. Sheas Walls

a. Select B.4.a.: Building Frame System, Concentric Braced Frames, Steel
from the pop-up window list.

b. Click on OK.




REGIONAL DATA DIALOG WINDOW DESIGN CRITERIA

7. Select other data boxes to correct or enter deta.

» Note: These data tems are currently not used by the program for the
design and anealysis of structural members. However, you may want
to insert this information so that it will be included in your hardcopy
output.

a. Select the Bullding Code data box.
(1) Select UBC from the drop down list.
b. Select the No. of Stories data box.
(1) Delete the current value of 1. Type in the number of stories, 2
c. Select the Floor Area data box.
(1) Type in the floor area, 60000
d. Select the Occupancy data box.
(1) Type in the buliding occupancy type, A2.1
e. Select the Type Const data box.
(1) Type in the type of construction, iI-FR
8. Select OK to save your Project Data entries. The Project Data dialog win-
dow will disappear.

» Note: Selecting CANCEL retums you to the main CASM screen
without saving changes.

REGIONAL DATA DIALOG WINDOW

Tmm«ummmmmsmmmmm.
Regional information is used for applied loads and design influences on the
structural model. Data may be preselecied by the Project Data dialog window or
overwritien by direct input. The Basic Wind Speed and Ground Snow Load values
are the initial values selected for the Wind and Snow Load generation based on the

model geometry.

Fdoyvie ibeigo foeiteria Heinoal frats

- Wind
Basic Wind Speed: mph
Coagtat: a

Max. Wind Speed: [71.0 | mph

—

- Snow

Ground Snow Load: -ml
Maximum Depth:

S

2-3
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DESIGN CRITERIA SITE-SPECIFIC DATA DIALOG WINDOW

(J

oy

A. Entering Regionel Criteria data
1. Select CRITERIA from the CASM menu bar, and from the pull-down
menu choose REGIONAL. The Regional Deta dialog window will appeer.
a. Note that stored information from the database has been automatically
inserted. Verify entries.

2. Select other data boxes to comrect or enter data.

» Note: Data other than Basic Wind Speed, Coastal, Snow Density, and
Ground Snow Load, and Seismic Zone are currently not used by the
program for the design and analysis of structural members. However,
you may want {0 insert this information so that it will be included in

your hardcopy output.
3. Select OK to save your Regional Data entries. The Regional Data dialog
window will disappear.
» Note: Selecting CANCEL returmns you to the main CASM screen
without saving changes.

SITE-SPECIFIC DATA DIALOG WINDOW

Dalahererelatotospedﬁcdeslgnparanﬂersbasedonbuﬂdnglypemd
location. Only the wind, snow, and seismic data are referenced when you
specify a wind, snow, or seismic load on your model. Currently the soil data are not
required for structural design, but will be used later for foundation design.

A. Entering Site-Specific Criteria data

1. Select CRITERIA from the CASM menu bar, and from the puli-down
menu choose SITE. The Site-Specific Data dialog window will appear.

o Dreoogn Cotenna Sate Sipeodbe Doty

[ Wind [ Sol
importance: 11 B Name: [Boring 1 @
Exposwe: c B Aflowable Bearing Pressune: 3500.0 |psf
Distance to Dcaankine: mi | | Equivalent Fluid Pressure: pcf

- _ Wate Tt [Eo ]n
Importence: I [ |B Slope: Ho.s .
Exposwe: C :1:]_0 g Depth to Bottom of Footing: 20~ |n
Boof Skppery: a Notes:

Thermal Factor: Q Gravels with fined

- S eismic
impottence: IV 1.00 B
Soil Factor:  S3 R | Lox ) | Cancel |

2. Select the Wind |mportance data widow button.

a. Select the High Risk Importance Factor for the assembly of 300 or more
people from the pop-up window.




SITE-SPECIFIC DATA DIALOG WINDOW DESIGN CRITERIA

Q 1 AN Sulidings ept Wheee Usted bele

® n High
- Bullidings whete prinasy cocupency is fer assembly of
300 or mave pospls in erw sres; Le.. sudierdums.
recrestional (acilitias. dining hall. conmissariss. etc.

O W Essential Facilities
- Bulldings housing critical fanlities which arn
necevemy for pest-disart 1y and requis
aentinueus epurstion; Le.. heepitals, powes stations
fhe stations. ceommmicetions bulldings. and othes
shwuotues housing mission sssential spearations.

CEEL) (Ganen]

b. Select OK.
¢. The Wind Importance Factor changes to 1.07 in the Site-Specific Data
dialog window.

d. The Snow Importance Factor changes to 1.1 in the Site-Specific Data
dialog window.
3. Select the Seismic importance data window button. Ig

a. Select importance Factor IV. Standard Occupancy Structure.
b. Select Quidelines for details on the Importance Factor selected.

c. Select OK.
4. Select the Seismic Soll Factor data window button. ]

[ 81: A voll pouflie with olther:
veleoly

NAM“MhQM

a. Select Soil Profile S3.
b. Select OK.
5. Select other data boxes to comrect or enter data.




DESIGN CRITERIA

SITE-SPECIFIC DATA DIALOG WINDOW

a.

» Note: The soll data is currently not used by the program for the
design and analysis of structural members. However, you may want
to ingert this information 90 that it will be included in your hardcopy
output.

» Note: You may find it easler to: (1) place the mouse pointer in the
data box before the current value; (2) press and hoid the left mouse
key; (3) drag the cursor over the current value to highlight it; and (4)
type in the new vailue. OR (1) double click on a word or number; and
(2) type in the new vaiue.

Select the Soil Name data box.

(1) Type in the soil sample name, Boring #1

Select the Allow. Bearing Pressure data box.

(1) Type in the allowable bearing pressure, 3500 psf
Select the Equiv. Fluid Pressure data box.

(1) Type in the equivalent fluid pressure, 30 pcf
Select the Water Table data box.

(1) Type in the water table level, 6 feet

Select the Slope data box.

(1) Type in the existing site siope, 0.5°
Select the Depth to Bottom of Footing data box

(1) Type in a depth of 2.0 feet.

Select the Notes data box.

(1) Type in the type of soils present at the site: Gravels with fines.

» Soll data is automatically saved for each unique soil name. Use the
Soil Name drop down list to view and edit other soil data.

6. Select OK to save your Site-Specific Data entries. The Site-Specific Data
dialog window will disappear.

» Note: Selecting CANCEL returns you to the main CASM screen
without saving changes.




SAVING PROJECT DATA DESIGN CRITERIA

SAVING PROJECT DATA

Upbmmmbmnﬁnommwhahcm:mwmyww
need to save all your project data in a project flle on the hard disk or on a floppy
disi. You should get into the habit of saving your work in the project flle on the hard
disk frequenily as you input data. For example, you have spent several hours
working on a project in CASM without saving data. Suddenly there is a momentary
loss of electric power. All of your work will be iost and you will have to repeat all of
your inputs. K you save your work frequently, &8 momentary power loss will not be
catsstrophic.

A. To save project data:

1. Select FILE from the CASM menu bar, and from the pull-down menu
choose SAVE. ¥ the project fle is 'uniitied,’ the Save As Flle Name dialog
window will appeer, otherwise the saved project file will be updated.

a. Type in a file name, fthaucht

» Note: The name Is limited to eight characters or less. A .bid extension
is automatically added to the name you choose. Later, when running
CASM and you look for your project file, it will be listed as
FTHAUCH1.BLD.

b. Select OK.
c. An hourglass symbol will appear as your project fle is saved.

» Note: CASM automatically checks for other project files with the
same name before it saves your project file. if there is another project
file with the same name, you will be reminded so that you will not
overwrite that project file.

PRINTING PROJECT CRITERIA DATA

At any time you may print out a copy of your design criteria deta. You may also print
the design criteria to a flle where you can edit the criteria before printing it or transfer
the flle 10 another computer for printing. For training purposes we will assume that
you do not have a printer connected to your computer, 50 we will describe how to
print the criteria deda Y0 a file.

2-7




DESIGN CRITERIA PRINTING PROJECT CRITERIA DATA

A. To print project data to a file:

1. Select FILE from the CASM menu ber, and from the pull-down menu
choose PRINT DATA. The Print Data dialog window will appeer.

X 8asic Design Criesha
Ci0ead and Live Loads|

O Snow: SNOWOUT.TXT |
R
O wine: DOUT. TXT

Doy oSSR
0 Selemic: SEISMIC. TXT ‘

I O Comter of Mass: [Evwassna__ |

] Live Lood Reduction:  {LLROUT. TXT
O Rigid Diapheagm: MGIOOUT TXT

D) Seemiec Restance:  [LATSERTT |
O Analpein: [FRAMEOUT TXT

) Guanthy Take-oit: [ouanTiTY.TXY
] Primer: AST Twheloses/PS on LPTZ

L —

3 Enecuie Notepad

] (e=ee)

a. Initialty the Basic Design Criteria selection box is selected (an X is in the
selection box).

b. Deselect the Dead & Live Loads selection by placing the mouse pointer
on the selection box and pressing the left mouse key. The X will
disappear.

c. Make sure all other data files are not selected.

d. The Printto File selection box is already selected, and a default file name
is in the Flle name box, CASM.TXT.

» Note: Because the output file can be easily created by CASM, we
recommend that you use the default file name and overwrite existing
output flles rather than generate new output files every time you
desire to print to a file.

e. Select Execute Notepad to run notepad after writing the output file.
f. Select OK.

@ Replace existing CASM.TXT

g. Select YES to overwrite the existing CASM.TXT file.

2. You will automatically be placed in the NOTEPAD Application program
window where you may edit the CRITERIA data before you printit. The
NOTEPAD Application program window is shown below.




PRINTING PROJECT CRITERIA DATA DESIGN CRITERIA

a. Aciivate the side bar scroll ber o move up/down the entire page or use
the [Page Down}{Page Up] keys on the keyboard.

b. To edit text, place the mouse pointer at the location where you want o
modify the text and press the left mouse key. A flashing vertical cursor
will appeer at that point, and you may type in your changes. Use the
[Backspace] and [Delete] keys to eliminate characlers.

c. To print text, first select Page Setup from the Flle pull-down menu.
mmmwmosmmmwbomcm
output files are within all 75 columns of a printer.

d. To print text, select FILE from the NOTEPAD menu bar, and from the
pull-down menu choose PRINT. The file will be printed.

= .o fn
he Eét Search |elp
ic Design Criteria
Preject Data
Project name : Awditorium
city/Installation s Ft. Nauchuca
Country HE b
State Hl V4
County < Cochlse
Design Lead : TH 5-80%-1 1984
Building Code : e
Sefsnic Code : TH 5-8009-10 1991
Elevation above sea level : 2588 ft.
No. of Steries : 2
Floor Area : 60000 sgft.
Gccupancy : 02.1
Type of Cemstruction : I1-FR -
Seisaic Lateral Lead lesistanee
M-S System
M-S Rw : s
E-¥ System : e
E-¥ Rw H [ ]

An example of the output format is as follows:

Basic Design Criteria
Project Data

Project name ¢ Auditorium
City/Installation s+ Ft. Hauchuca
Country t USA

State t AZ

County : Cochise
Desi Load : TM 5-809-1 1986
Buil ing Code : UBC

Seismic Code ¢t T™ 5~-809-10 1991
Elevation above sea level : 2584 ft.

2-9




OEBGIGN CRITERIA PRINTING PROJECT CRITERIA DATA

No. of Stories t 2
5::3; Area 3 60000 sqft.
anc :
tz!o of gon-truction t II-FR
Selsmic Lateral Load Resistance
H-S System t Bda
N-8 Rw H 8

E~-W Jystem : Bda
E-W Rw s 8

Regional Data
'aind

Basic Wind Speed
Coastal
Maximum Wind Speed
Wind Direction
Snow
Ground Snow Load
Maximum Snow Depth ¢
Snow Density H
Rain
Average Annual Rainfall H
Maximum Rainfall

Tﬁonturo
ximum Temperature
Minimum Temperature

Seismic Zone : 2A
Frost Depth

Site Specific Data
Wind

Exposure c
Importance : II H 1.07
Snow

mph
mph

0

o

0

B

0 pst
8 1in.
0 pecf
0

9

3

2

0

0

-
[

in.

in.

~
. W -
HO® <N Oaw

v s oo 00
o

in.

74 agro ] gI
orcance H
Roof Smooth
Thermal Factor
Seismic
Importance : IV H 1.00
S8oll Factor : 83
Soll Name : Boring #1
Allowable Bearing Pressure:
Equivalent Fluid Pressure :
Water Table H
H
2

31050
Depth to Bottom of Footing
Gravels with fines

o o0 08 e
[
[
o

.0 psf
.0 pcf
.0 ft.
.5
.0

Notes
Iugortanco Factor for Snow and Wind:
I H Risk

igh s
- Bugldings where Yrimary occupancy is for assembly of
300 or more people in one area; i.e., auditoriums,
recreational facilities, dining hall, commissaries, etc.
- Buildings having high value oquipmonﬁ.
- Facilities involving missile operations.
- Facilities 1nvolving sensitive munitions, fuels,
chemical and biological contaminants.
Wind Exposure Category:
osure C:
n terrain with scattered obstructions having heights
generally less than 30 ft.
Snow Exposure Category:

!xgosuro Cs
now removal by wind cannot be relied on to reduce roof
loads because of terrain, higher structures, or several
trees nearby.
Snow Thermal Factor:
Heated structure.
* These conditions should be representative of those that are likely
to exist during the life of the structure.
Seismic Lateral ad Resistance System:
B. Building Frame System
4. Concentric Braced Frames
a. Steel
Height limit #2: 160
#1 Basic Structural Systems are defined in Section 1.D.6.
#2 H = Height Limit applicable to Seismic Zones 3 and 4. See Section
1.D.7 for exceptions.
#5 See Section 1.E.3 for combination of Structural System.
rtance Factor for Selsmic:
. Essential Facilities
Hospitals and other medical facilities having surgery and emergency
treatment areas.
Fire and police stations.
Tanks or other structures containing, housing or supporting water
or other fire-suppression materials or o?uigment required got the
protection of essential or hazardous fac{lities, or special
occupancy structures.
Emergency vehicle shelters and garages.
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PRINTING PROJECT CRITERIA DATA DESIGN CRITERIA

Structures and equipment in emergency preparedness centers.
Stand-by power generating equipment Tor eassential facilities.
Stxuctures and equipment in communication centers and other
facilities required for emexgency response.
I1. Hasardous Faclilities
Structures housing, supporting or containing sufficient quantities
of toxic or exploaive substances to be dangerous to the safety of
the general public if released.
IIX. ial Oceupancx Structyre
Covered structures Whose primary occupancy is public assembly -
capscity more than 300 rsons.
Bulldings for schoola (through secondary) or day-care centers -
capacity more than 250 students.
Bulldi 8- for colleges or adult education schools - capacity more
than 500 atudents.
Medical facilities with 50 or more resident incapacitated patients,
but not included above.
Jails and detention facilitiles.
All structures with occupancy more than 5000 persons.
Structures and equi nt in govor generating stations and other
vaublic utility facilities not included above, and required for
Al

Standard Occupancy Structure
1 Structures having occupancies or functions not listed above.
Seismic Soil Factor:

S3: A s0il profile 70 feet or more in depth and containing more than
20{{..& of soft to medium stiff clay but not more than 40 feet of
soft clay.

The site tncxo: shall be established from progorly substantiated
eotechnical data. In locations where the soi gtoportlos are not
nown in sufficient detail to determine the soi grotilo type, soil

groltlo 83 shall be used. Soil profile 34 need not be assumed unless
he Building Official determines that soil grotilo 84 may be present

at the site, or in the event that soll profile S4 is establiaged by
qootochnicai data.

End of example output format

1. Retum to the CASM program window by moving the mouse pointer to the
CONTROL menu box in the top left comer of the screen. Double click the
left mouse key.

a. If you have made any changes to the text file, you wiil be prompted to
save them. For this example, select NO.

@ Save current changes: CASM.TXT

| Ei;;|| l No I [éﬁgféi]

b. This retums you to the CASM program window screen.

You are now ready to begin your structural model and create specific load cases
based upon the three CRITERIA data sets.

2-1
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LOADS

SNOW LOADS

Tﬂsncﬂonhemoaoxanﬂesofmbaddaignformagabbmof.@)m
arched roof with several parameter variations, (3) a lean-to roof adjacent to a
taller roof with drifted and siiding snow considerations, and (4) a multiple-gabled
roof.,

i SN N DITES RIS

Given: This gable roof example is taken from page E-1 of TM 5-809-1 19886. itis
a dormitory buliding sited among several nearby pine trees. it is a heated
structure with composition shingles located at Westover AFB, MA. Dimen-
sional data are given, and there are no adjacent structures.

Composition

Heoted Length = 75
Structure 18

20'

Required: Determine the balanced and unbalanced roof snow loads.
Solution:

A. Establish Criteria
» Select NEW from the FILE pull-down menu to start a new project file.

1. Select CRITERIA from the menu bar, and from the puli-down menu
choose PROJECT. The PROJECT Criteria pop-up dialog window will ap-

Design Load: TM 5-809-1 1986
Seiemic Code: TM 5-809-10 1392

NSSystem [ |[3] Aw|
EwSpetom: [ ] Bw|

I’Sd-ie Lateral Load Resistance




LOADS

SNOW LOADS

2. Insert project name: Dormitory.

3. Move mouse arrow to the CITY/INSTALLATION drop down list button. Se-
lect Westover AFB from the drop down list. Note that stored information
from the database is automatically inserted.

4. Select TM5-809-1 1986 from the Design Load drop down list.

5. No other user-inputted data is required here, so select OK and retum to
the basic WINDOW screen.

6. Select CRITERIA from the menu bar, and from the puli-down menu
choose REGIONAL. Note that the GROUND SNOW LOAD has already
been inserted, since the city/installation came from the database. No
other data is required to solve this problem, so select OK and retum to
the basic WINDOW screen.

Hacic Deaign Criteria Hegional Data

 Wind " Rain
BasicWindSpeed: [l | moh Annual Average:
Coagtal: a Max. Stosm:
Max. Wind Speed. |7S.0 l mph F‘ atwre
Duection: E M aximum:

- Snow Minimum:
Ground Snow Load: psf - & pismic
Maximum Depth: in

Snow Density: [15.0 | pet Frost Depth:

Lot ] [concol]

7. Select CRITERIA from the menu bar, and from the pull-down menu
choose SITE.

Hacic Degino Criterias Site Specitie 1Aty

- Wind - Sofl
importence: | m Name: [Bosing 1 @
Exposwre: ¢ | m ANowable Bearing Pressure: 00  |pst
Distance to Oceanline: i Equivalent Fluid Pressure: pef

== Water Table: L
importence: 1 [0 ]G] || Stowe: 00 |°
Exposwe: c m Depth to Bottom oi Footing: oo ft

8. Move the mouse arrow fo the box for SNOW IMPORTANCE factor. Click

the left mouse key to activate the pop-up dialog window and make an ap-
propriate selection of a factor. When the desired circle for factor | is high-




SNOW LOADS LOADS

lighted, move the mouse pointer to QK and click the lef mouse key. The
chosen factor will appear in the deta box.

@ | AD Duliings onvept those lsted below.

O 0 Wigh Mk
- Sulldings whare pinery cocupancy is for assenbily of
300 @ mare posple In ene wes; Lo, audiiesheme,
vosrsstionsl feslities. dining hall. cnmmissasios, ots.

9. Repeat the previous step for EXPOSURE and select an exposure cate-
gory from the pop-up dialog window. Highlight category C and click on
OK. A’'1.0'and a'C’ are automatically placed in the proper data box.

10. A composition roof is not considered a slippery surface, so leave the box
unchecked.

11. Move mouse pointer to the data window button for THERMAL FACTOR B

and click on the left mouse key. Highlight EATEDSTRUCIQR inthe
pop-up dialog window and click on OK. A thermal factor of 1.0 is placed

in the data box.
Thomsal Condition” o
‘ S—
® Hoated shructwe 10
O Stuckae kept just sbove heesk . ~ 1.1
O Urhosted structwe 1.2
* These cendiions sheuld be
muuuummmnd
the shuciwe.
* Use ¥ inoulation R >~ 15,

12. This completes the required input of data on the SITE SPECIFIC dialog
window. Select OK and return to the CASM program window. You have

now completed entry into CRITERIA.
B. Draw volumetric model
1. Select the Draw Model button to display the Draw Model tool palette, if it
is not already displayed.

-

olel=lRl=lo]0] Tl

SBP [ [Fea ]« s [0 ]E

2. Establish general layout requirements.
a. Select the DEFINE UNITS command from the Layout pull-dawn




b'M' inghes|
®ia Os Os O3 O1

Oomer fi_ 7]

[ Diepley

QO US: Decimal @ US: Fostinches
O Mebic

L) (]

(1) Set the SNAP INCREMENT to 12 inches.
(2) Set the Display to Feet-Inches.
(3) Click on OK.

b. Tum on SNAP TO UNITS from the Layout pull-down.

» Note: Snap To Units is on when there is a checkmark next to the
command or the icon is highlighted.

¢. Tum on SHOW GROUND PLANE from the Layout pull-down.

Define Ground Plane...
Define Units...

v Snap te Units Fa
Sngp te Structural Grid F5
Snap to Reference F6

Inkial Shape Size...
+ Stack on Ground
Stack on Last Shape

Stack on Plane
Stack Underground

i

Lock NS
Lock E-W
Lock Yertical

3

F8
F9

d. Select DEFINE GROUND PLANE command from the Layout pull-down.

» Note: Make sure the ground plane dimensions are larger than the
overali building dimensions.

(1) Setthe NS and EW WIDTH to 100 .
(2) Setthe NS and EW SPACING to 20 f.

- Ground Plane

N-S Width:

N-S Spacing: t
E-W Width: 100.00 | 1t
EWSpacing  [20.00 |
@ NohAngle1: [0 |
O HothAngle 2 [45__]-

(3 |5 l
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» Hint: Use a lerger spacing when using the single screen windows
graphics lbrary to decrease the number of lines drawn.

(3) Set the NORTH ANGLE 1 to 0 degrees. (See reference manual
(4) Click on OK. :

e. Select INITIAL SHAPE SIZE command from the Layout pull-down.
= IR TR B R T

Diametes:

Height:

Plane Thickneass: ‘ 6.00
Column Width: [6.00
Orientation: ONS @FEwW
(O Meintain Initial Size

(e ] (gonc ]

(1) Setthe NS WIDTHto 20 ft.
(2) Setthe EW WIDTH to 75 ft.
(3) Set the HEIGHT to 18 ft.

(4) Set the ORIENTATION to E-W since the ridge runs parallel to the
eastiwvest dimension.

(5) Cick on OK.

f. Tum on STACK ON GROUND from the Layout pull-down since we will
want the first object to sit on the ground.

» Note: The current stack mode’'s command has a checkmark next to it
and the icon is highlighted.

g. Make sure no directions are locked. This allows shapes, edges, and
vertices to be moved in all three orthogonal directions.

» Note: A direction is locked if there is a checkmark next to the com-
mand or the icon is highlighted.

3. Create the first floor building volume.

a. Select the CUBE icon from the Draw Model tool palette or from the
Sihapes puli-down. The shape will appear on ground plane to the propor-
tions gelected under Initial Shape Size. The Dimensions pop-up dialog
window will appear with all the dimensions of the shape indicated.

2
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" Dimonsions ool Slepes
ws: [ 200N || nean [ 008)m12
Ew: [ 7meln || sewm [ o)1z
Ve unln Eot [ 0|2
Ridge: [ 0.00]0 || West: [ 008}im12

7
f

@

(1) Drag the shape to a location on the ground plane by moving the
mouse.

» Note: Moving the mouse right/left moves the object east/'west, while
moving the mouse away/toward moves the object nortivsouth.

(2) Chick the left mouse key to fix the location of the cube. A dupli-
~ cate shape appears and is movable.
(3) Double dlick the right mouse key to exit the command and stop
adding shapes to the ground plane.
» Note: Double clicking the right mouse key in any graphic command
will exit the command.
4. Create the gable roof form.

a. Tum on STACK ON LAST SHAPE from the Layout pulli-down. The next
selected shape will sit on fop of the last shape.
b. Select the PRISM icon from the Draw Model tool palette or from the

Shapes pull-down. The prism will appear on the last shape drawn, and
a pop-up dimensions dialog window will also appear. Click left mouse

key to insert the prism.
» Note: You do not need to doubie click the right mouse key to exit the
command since you cannot stack another shape on top of a prism.
c. Select the DEFINE UNITS command from the Layout pull-down.
(1) Set the SNAP INCREMENT to 4 inches to make it easier to set
the desired roof slope.
(2) Click on OK.
d. LOCK the NS and EW directions from the Layout pull-down. We only
want the vertical movement of the ridge allowed.

e. Select the DRAG EDGE command from the Edit pull-down. Solid square
handies appear on each edge of the constructed model.

» Note: Only visible plane’s edges can be dragged, and edges can only
be dragged in directions where all planes connecting to the edge
remain planar.

(1) Select the ridge edge handle by dlicking the left mouse key when
the pointer is over the handle.

3-6
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(2) Hold the right mouse key down while dragging the mouse up and
down uniil the roof siope appears as 8.00 in 12 in the dimensions
dialog box. The vertical height of the prism becomes 6'-8°.

» Note: Holding the right mouse key down while dragging is the vertical
direction for all drag commands.

» Note: If you are having trouble dragging the edge to the 8 in 12 siope
with the mouse, use the keyboard instead. While hoiding down the
[AR] key, press the up and down arrow keys to drag vertically. Press
the [Enter] key to fix the location. Press the [Esc] key to exit the
command.

(3) Click the left mouse key to fix the position of the dragged edge.
(4) Doubile diick the right mouse key to exit the command. Other-
wise, you could now drag another edge.

1. UNLOCK both the NS and EW directions. In: ][tew
5. This compietes the modei for this example. il | K

c- mmmmtmm‘. Tl '
1. Select the LOADS AND DESIGN button to display the Loads and Design i "
tool palette.
28 e e P S = 2 O 0 0 e I

2. Select SNOW LOADS from the Loads pull-down menu or from the snow
icon within the Loads Tool Palette. A snow loads pop-up dialog window

will appear.




SNOW LOADS

3. The Snow Loads dialog window contains the decisions from completion of
the Criteria windows that were previously entered for determination of
snow design loads.

a. Change any of the parameters upon which snow calculations will be
based. Any value within the window can be revised or added at this time.

» Note: Pop-up windows will appear to help make decisions regarding
importance & Exposure factors, if these data window buttons are
selected for modification.

b. If satisfied, click on OK and the roof snow load caiculations will automat-
ically begin.

¢. Awaming box may appear to prompt you if you will replace an existing
output file.

» Note: A pop-up dialog window will keep you informed of the program’s
progress to assure you that it is still calculating and has not stopped

processing.

4. The bullding plan and a section elevation will appear upon completion of
snow loads calculations. The various snow loads calculated will appeer

on the screen abowe the roof with magnitudes and descriptors.

284
Unbstanced o s o

Balanced 189
——a—a—x

Combined 10.9

_>

Snow Loads (psf)

a. Drag the mouse to move the horizontal line in plan to where you want
the section cut made.

b. Click on the left mouse key to redraw the section at that location.

3-8




SNOW LOADS

LOADS

¢. Double diick the right mouse key 1o fix the seclion cut localion selected.

D. Manipuistion of buliding model and ks snow loads.

1. Zoom the graphics on the screen.
a Mowe the mouse pointer 10 the let arrow of the Distance tool.

b. Click on the left mouse key 1o decrement the viewing distance toward
you.

c. Press and hold the left mouss key while dragging the mouse left and
right fo zoom in and out.

d. Release the mouse key when the desired zoom is achieved.

o. Use the right arrow of the Distance tool to zoom out.
2. Zoom a window on the screen.

a. Select the Zoom Window icon bution.

b. Select one comer of the window with the left mouse bution.

c. Select the opposite comer of the window with the left mouse button.
3. Pan the screen image.

a. Select the Pan icon bulion with the mouse pointer.

b. Drag the mouse to pan the view.

c. Click the left mouse key to save the Pan position.
4. Dieplay a previous view by selecling the previous view icon button.
S. View the model and is balanced snow load in wireframe 3-D.

a. Select the View pulidown menu and select PERSPECTIVE (3D). Trans-
pearent and solids are also possible.
6. Rotate the 3-D model view and its snow load.

a. Click the left mouse key at the localion on the circle where you want to
view from.

b. To dynamically rotate the 3D view, hoid the left mouse key down while
moving the mouse pointer, and drag the black arrow around the cirdle in
the Viewpoint window.

¢. Release the left mouse key when the desired viewing angle is achieved.

d. You can also change the viewing height and distance similar to step 1.

e. You may also type in the desired angle, height, and distance.

7. View the unbalanced snow load in 3-D.

" Snow Loeds - Wind Leads

O Combined O 6Cpi=d

@ [Unbalsnoed O BCpi Negative
O BCpi Pasitive

- Othor Loads ———

QO Components ¢ Cladding
O Open Rovks
@ Open Arch Wind 90°
O 0Open Arch Wind 50

St

O vead
O tLive
O Minismum Hoof
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»

—
0| ,,
&

»

E. Generation of hard coples.
1. Retumn to the 2-D section cut.

2. Print the screen image.

a. Select SHOW LOADS from the View puli-down menu and a dialog
window of choices will appear.

b. Click the left mouse key on the UNBALANCED SNOW LOAD.
c. Select OK. The 3-D snow pattern will be redrawn to reflect your choice.

Note: The wind direction for this unbalanced case is also shown with
the model and will be in the direction of the last section cut.

a. Select SECTION from the View menu.

Note: The 2-D section that appears is dependent on the viewing
direction of the 3-D model. To obtain a section cut perpendicular to
the ridge, rotate the 3-D view 30 that you are looking at a view that is
approximately the desired section cut. ft is not necessary to adjust
the height or distance.

a. Select PRINT SCREEN from the File pull-down menu on the CASM
menu bar. A pop-up dialog window will appear.

Marging (inches)
ten: [050 Right: [0.00
Too:  [0.00 Sottom: [000 |

O Windows Diaw File
Enscute Windows Diaw
O AMROCAD DXF File
Comdinatas @ Screen O Exact

Ociantation: @ Portrsit O Lendscape

Shest Size: [A (9% x 11 i) |
Fie CASM_PIC ]

b. Select PRINTER to print directly to the printer.

Note: Make sure your printer is on-line and ready to print before
selecting OK.

¢. Set the margins.

d. Select the desired page orientation.

e. Select OK to begin printing. A dialog window will appear to allow you to
cancel the printing.

Epson 24 pinon LPT1:
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» if you get an error message while ~rinting, refer to the Reference
Manual chapter 6 for information on resuming the primt.
3. Review the snow load calculations on the screen.

a. Select PRINT DATA from the File pull-down menu. The Print Data dialog
window will appeer.

Select SNOW 1o include the snow load text output file.

Deselect all other print data output options.

Select PRINT TO FILE and enter an appropriate file name.

Select EXECUTE NOTEPAD fo run Notepad.

» Note: We could have selected Print to Printer to obtain a hard copy of
the output.

f. Select OK to generale the file and execute Notepad. Notepad will
appear on the screen.

e Edk_ Sesrch Help ]
eject : Dermitory *

Lecation : Westover aF8

Design Lead : TH 5-009-1 1986

Time : Wed Sep 11, 1991 19:37 AN

spo o

we Qable/Nip RooFf Snow Load Pesign sxxsssssssssssnsasnas

Flat Reof 3mew Load (PF)
PF = 0.7«CenCtalsPg

Snow Exposure Category: €
Ce - 1.8

Neated structere.

ct = 1.9

Inportance Category: 1

I = 1.9

Pg = 36.0 psf

PF = 21.08 psf

Reef slope: 8.88 in 12
theta « 34 deg

Since theta > 15 deg, min. snow load does not apply.

* *

4. Print the snow load calculations.

a. Select PAGE SETUP from the File pull-down menu. Set the left margin
to 0.5 and the right margin fo 0.0 inches.

N
el C—
Foster: F'.-T_JICcndl

Margine
Lon: |5 ] mee [0 ]

Ies: [ .| Botonc |1 ]

b. Select PRINT from the File pull-down menu to generate a hard copy.

5. Select EXIT from the File pull-down menu to close Notepad. Redraw the
screen by clicking on Distance, if using the single screen version.
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Project t Dormitory

Location 1 Nestover AFrs

DI==gn Load : 5-009-1 1986

T ] Thu Sep 12, 1991 12:32 PM

ARANRARRRRRANRANAAAAS Cable/Hip ROOE Snow Load Design #astassnsanainansedas

rlnt Roof Snow Load (Pf)
= 0.7*Ce*Ct*I*Pg
gnov : sure Category: C
e = 1.
Heated Structure.
Ct = 1.0
%lpozgngoo Category: I

Since theta >"15 deg, min. snow load does not apply.

Since theta > 1/2 in/ft, rain-on-snow surcharge does not apply.
1 Pf = 21.00 paf 1

Sloped Roof Snow Load (Ps)

- HLA.

00! ery: No

] sP ry

Ps = 18.90 psf

—

Unbalanced Snow Load (Punbal)
Since 15 dog < thotn < 70 deg, unbalanced condition applies.
Pu al = *Ps/Ce

1 Punbal = 28.35 pof

—

F. Save the building modetl with its show loads applied for future reference.
1. Select SAVE from the File pull-down on the CASM menu bar. A pop-up

: Driyes:
[CASMFEes D)  [8] [E5e: compaqe 14

2. Type in the desired Filename.

3. Click the left mouse key on OK.

4. The saved file can now be accessed as needed from OPEN in the File
pull-down.

» Note: The extension .bid is automatically added to the filename.
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Given: This arched roof exampie is taken from page E-4 of TM 5-809-1 1986. Ris
a theater (greater than 300 occupancy) sited in a windy area with a few
nearby conlferous rees. itis the tallest structure in a recreational complex.
The buiiding is heated and the roof is sheathed with bullt-up roofing. Itis
located in Milwaukee, WI (not Chicago as stated in the TM).

LENGTH = 150’ CONCRETE CIRCULAR ARCH WITH
INSULATION AND BUILT UP

ROOFING

EAVE

15

>

HEATED

18’

|
l
o0

Required: Determine the balanced and unbalanced snow loads.

CROWN
HEIGHT

Solution: An abbreviated discussion is given here since the steps basically repeat

those of example one.

A. Establish Criteria.

1. Input the following data into the PROJECT, REGIONAL, and SITE CRITE-

RIA dialog windows:

PROJECT Project name
City/installation

REGIONAL Ground Snow Load

: Theater

: TM 5-809-1 1986
: 35 psf

: category ||

: category B

3-13
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B. Draw volumetric model

» Note: There are many ways to construct the model. This example will
llustrate a different approach to some of the steps to emphasize the
variety of options.

1. Select DRAW MODEL from the menu bar.
2. Establish general layout requirements which are different than previously

established.
a. Use the following:
DEFINE UNITS (snap increment) : 12 inches
SNAP TO UNITS 1on
SHOW GROUND PLANE 1on
DEFINE GROUND PLANE
WIDTH N-S : 100 feet
E-W : 200 feet
SPACING N-S : 20 feet
E-W : 20 feet
INITIAL SHAPE SIZE
N-S WIDTH : 20 feet
E-WWDTH : 20 fest
HEIGHT : 20 feet
ORIENTATION :E-W
STACK ON GROUND PLANE :on
DIRECTIONS LOCKED : none

» Note: The ground plane grid is now rectangular for this example. You
may wish to increase the viewing distance to make the entire ground
plane visible.

3. Create the first floor building volume.
a. Select CUBE and fix the initial shape location in the northwest comer of
the ground plane.
b. Modify the initial object dimensions to the required building proportions.

(1) Select DRAG PLANE from the Edit puil-down. Solid square han-
dies will appear at the centroid of each visible plane on the object.

» Note: Only visible planes can be dragged. Planes can only be dragged
In a direction perpendicular to the piane. Also, only a plane that has
all adjacent planes perpendicular to it can be dragged.

(2) Select the top plane handle with the left mouse key when the cur-
sor is over the handle. The selected plane will be highlighted and
the pop-up Dimensions dialog window will appear with the ob-
ject’s dimensions inserted.

(3) Drag the mouse toward and away to vertically change the top
plane’'s height above the ground plane to 18 feet.
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» Note: Always move the mouse toward and away regerdiess of the
plane's required direction of movement. There is no need to hoid
down the right mouse key to drag a piane vertically.

(4) Click the lef mouse key to fix the location of the plane. The han-
dies will reappear to allow for additional drag plane operations.

(5) Select the south plane handle with the mouse as in step 2.

(6) Drag the mouse toward and away until the N-S dimension shows
80 feet in the dialog window.

(7) Ciick the left mouse key to fix the location of the south plane.

(8) Select the east piane handle with the mouse.

(9) Drag the mouse toward and away uniil the E-W dimension
shows 150 feet.

(10) Click the left mouse key to fix the location of the east plane.

(11) Double dlick the right mouse key to exit the Drag Plane com-
mand. This completes the first floor volume.

4. Create the barrel vault roof form.

a. Tum on STACK ON PLANE from the Layout puli-down menu to select
the appropriate plane to receive the barel vaulit.

» Note: STACK ON LAST SHAPE could aiso have been used for this
example since the barrel vault connects directly to the fop piane of the
first floor volume.

b. Set the INITIAL SHAPE SIZE to 15 feet in height to reflect the required
cro=: height.

» Note: Barrel vault crown height cannot be modified from a Drag Edge
or Drag Plane command.

c. Select BARREL VAULT from the Shapes pull-down on the Draw Model
tool palette icon. Solid square handles will appear at the centroid of all
visible planes.

d. Select the top plane with the mouse. The barrel vault will automatically
appear and assume the proportions of the plane selected to receive the
barrel vault. The Dimensions pop-up dialog window will also appear with
current dimensions inserted.

» Note: The ridge of the barrel is used to define its orientation, which
was set to E-W under Initial Shape Size.

e. Click the left mouse key to fix the barrel vault shape to the selected
plane. Sofid square handles will reappear to stack another barrel vault
on another plane if so desired.

f. Double click the right mouse key to exit the Draw Shape on Plane
command

5. This completes the mode for this example.
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C. Develop snow loads on the roof
1. Select the LOADS AND DESIGN tool palette.

2. Select SNOW LOADS from the Loads pull-down menu or select the snow-
flake icon. A Snow Loads pop-up dialog window will appear.

.
P
TR

Soow Loads,
Ground Snow:
Impostance Factor: ]
Exposwe: B8 0.
Roof Skppery: O

Themmat Factor: m

Output File:  [SNOWOUT.TXT |

[ pefinearea | | gk ] (gancet ]

3. Verify parameters, modify as required, and select OK when satisfied.
Roof snow load calculations will automatically begin.

4. The building plan and a section wiil appear upon completion of the snow
load calculations.

D. Manipulation of the bullding model and its snow loads.

1. For details on the following abbreviated commands, refer to steps D-1
through D-7 in Snow Load Example 1.

a. Zoom the graphics on the screen.
b. Pan the screen image.

View — Perspective 3D

View — Solid Object
Rotate 3D view.

Adjust the viewing height.
Adjust the viewing distance.

e ~oap0
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h. View — Show Loads.
¢ Unbelanced
oK

E. Generation of hard coples.

1. For detalls on the following abbreviated commands, refer to steps E-1 and
E-2 of Snow Load Example 1.

a. Viewpoint — Options — Section
b. File — Print Screen

¢ Printer

OK

Unbsisnced 124 281 398 40-513&0 39.1

Balanced 24.3

Combined 24.3
Yy Yy v vy W Wy W w v

8Snow Loads (psf)

2. Review and print the snow load calculations. For details on the following
abbreviated commands, refer to steps E-3 and E-4 of Snow Load Exam-

ple 1.

a. File - Print Data
v Snow
v Printto Flle
v BExacute Notepad
oK

b. Notepad — File — Page Setup
Left Margin : 0.5
Right Margin : 0.0
oK

¢. Notepad — File — Print

d. Notepad — File — Exit
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Example 2 spmple output :

Project t Theater

Location t Milwaukee

Design Load : TM 5-809-1 1986

Time t Thu Sep 12, 1991 12:33 PM

RRAARARRRRAAARARAAAR4% Arched ROOE Snow Load Design **aAxastxakastasastassns

Flat Roof Snow Load (Pf)
Pf = 0.7*Ce*Ct*I*Pg

Snow osure Category: B
Ce = 0.

Heated 3tructure.

ct = 1.0

%mporgagco Category: II

Pg = 35.0 pasf

PL = 24.25 paf

Roof Width " : 80.0 ft

Crown Height: 15.0 ft

Equivalen Slogo Theta = 21 deg

Since theta > 10 deg, min. snow load does not apply.

§1nco theta > 1/2 in/ft, rain-on-snow surcharge does not apply.

Pf = 24.25 psaf

4
<+

i +
+ +

Sloped Roof Snow Load (Ps)
F2ef Slittary:

00 ery: No
Cs = I.ng ¥

Ps = 24.25 psf

—

o

Unbalanced Snow Load (Punbal)

Since ogulvalont slope, theta, is 21 deg

10 deg theta < 60 deg, unbalanced condition applies.
Where slope at eaves = 41 deg

Use Case II

Crown
Punbal = 0.5*Ps

Punbal = 12.13 psf

4

—

!

30 dog peint }30.4 ft from crown)
?unba = 2*P3s/Ce

Punbal = 53.89 psf

<4

e

4+
+

Eave
Height of eave above grade or lower roof: 18.0 ft
gu al = (2*Ps/Co]*[1-(ph§-30)/40]

| Punbal = 39.07 psf |

F. Save the building model with its snow loads applied for future reference.
1. Save as filename: TUTOR2.BLD.

2. Refer to steps F-1 through F-4 in Example 1 for details on the following
commands.

a. File —» Sawe
Enter filename
oK
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requirements when the equivalent siope theta is less than 10 degrees and no
unbalanced snow load is required.
A. Establish Criteria

1. Data will be reused from Example 2.
B. Draw Volumetric Modei

1. Select OPEN from the File pull-down menu on the CASM menu bar.

a. Select Fllename: TUTOR2.BLD (fle created in Example 2) from the | [

scroll box files on the pop-up dialog window.
b. Click the left mouse key on OK to load the building data. The barrel
vaulted bullding will appear on the screen.

» Note: if you were working on a different buliding, a warning pop-up
box may appear to save that building’s data before it loads the new
data.

2. Select DRAW MODEL from the CASM menu bar.
3. Delete the bamrel vault shape.
a. Select PERSPECTIVE 3D from the Options pull-down menu.

b. Select DELETE SHAPE from the Edit pull-down menu. A waming pop-up
box will appeer stating that snow loads will need to be recaiculated.

® Snow fosds will need to be recalcuiated.

» Note: Anytime snow or wind loads have been calculated, and then an
attempt Is made to alter the geometry, this warning box will appear.

c. Click the left mouse key on OK and solid square handles will appear at
the centroids of the visible planes.

» Note: More than one handle will appear for each constructed shape.
Selecting any one of the handies for a given shape will delete the

entire shape.

d. Select one of the barrel vault handles with the mouse and the shape is
deleted. Handles will reappear to allow deletion of any remaining
shapes.

e. Double click on the right mouse key to exit the delete object command.

4. Insert a new barrel vault with a crown height of 5 feet.
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oD a Setthe INITIAL SHAPE SIZE 10 5 feet in height 10 refiect the new crown
height.

b. b. Tum on STACK ON LAST SHAPE from the Layout pull-down menu.

c. Select BARREL VAULT from the Shapes pull-down menu. The berrel
vault roof will appear on top of the last shape.

@ d. Click on the left mouse key to add the basrel vault.
» Note: You do not need to doubie click the right mouse key to exit the

command, since you cannot stack another shape on top of a barrel
vault.

5. This completes the model for this example.
C. Develop snow loads on the roof.

1. For details on the following commands, refer to steps C-1 through C-4 of
Snow Load Example 1.

i a. Loads and Design —» Loads — Snow
Review values

D. Manipulation of building model and its snhow load.

1. For details on the following abbreviated commands, refer to steps D-1
through D-7 in Snow Load Example 1.

Zoom the graphics on the screen.
Pan the screen image.
View — Perspective 3D
View — Solid Object
Rotate 3D view.
Adjust the viewing height.
Adjust the viewing distance.
View — Show Loads.

v Unbalanced

OK

Se ~opno0 oo
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4.3
Batenced | s et -w—— r 1 r 3 ¢ w— 3 r 1 i— X r 1 X, r S— =3
Combined 24.3
CCXTO TN W WY X T Ty T

8now Loads (psh

E. Generation of hard coples.

1. Print a 2-D section and caiculations. For detalls on the following abbrevi-
ated commands, refer to steps E-1 through E-4 of Snow Load Example 1.
a. Viewpoint — Options — Section
b. File — Print Screen

v Printer
oK
¢. Fle — Print Data
v Snow
v Printfo Flle
v Execute Notlepad
oK
d. Notepad —» Flle — Page Setup
Left Margin : 0.5
Right Margin : 0.0
oK
o. Notepad — Flle — Print
f. Notepad —» Flle — Exit




Example 3 Semple Quiput :

Project t Theater
Location t Milwaukee
Dzliqn Load ¢ T™M 5-809-1 1986
me t Thu Sep 12, 1991 12:33 PM

RARRRRARRRERARARNSRR2% Arched ROOf Snow Load Design A%ssasasasaanssanaaneass

Flat Roof Snow Load (Pf)
PEf = 0.7*Ce*Ct*1*Pg
Snow sure Category: B
Ce = 0.
Heated Structure.
Ct = 1.0
%-poxgu?co Category: II
Pg = 35.0 pat
Pf = 24.25 pst
Roof Width : 80.0 ft
Crown Height: 5.0 ft
Equivalent Slope Theta = 7 deg
Check minimum Pf where theta <= 10 deg
When Pg > 20.0 psg, min Pf = 20*

00
Slnco theta > 1/2 in/ft, rain-on-snow surcharge does not apply.
+

+

| Pf = 24.25 psf l

Sloped Roof Snow Load (Ps)

Ps = Cs*Pf .
Roof 8118p0ry: No

Ca =

+

Ps = 24.25 psf

—

+—4

Unbalanced Snow Load (Punbal)
Since squivalent slope, theta, is 7 deg
Theta < 10 deg or > 60 deg, unbalanced condition does not apply.

F. Save the bullding model with its show loads applied for future reference.
1. Select SAVE AS from the File pull-down menu on the CASM menu bar.
This allows us to save the building data in a different file from Example 2.

» Note: Selecting SAVE would have replaced the existing file without
allowing you to change the filename.

2. Type in Filename: TUTOR3.BLD.
3. Click mouse on OK.
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e d NPy 'i;("‘l'”"»’ ‘ \-’«11(‘»Z;e’-'f:')-”n,?,-"»'fu“,lhf: ; ¢

Emmthnpod.dforamwnoHommwhomdasm
requirements for a CASE | situation that does include an unbalanced snow load.

Unbaanced 121 228 330 396 46.0 539
A o i o W0 W

Balanced M3 -

ombine 243

C d [ s e e w—r—m— — ———— n—

Snow Loads (psf)

Project : Theater

Location 1 Milwaukee

Design Load : TM 5-809-1 1986

Time : Thu Sep 12, 1991 12:34 PM

ARRRRAENSKARARARARNRNN® Arched ROOL SNOW Load DeSign ***satstsxanatrastanss

Flat Roof Snow Load (Pf)
PE = 0.7*Ce*Ct*I*P

Snow sure Category: B
Ce = 0.

Heated °tructure.

ct = 1.0

mt&‘?c. Category: II

1
Pg = 35.0 psf
Pi - 24.25ppst
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Roof Width 1 60. 0
Crown HReight: 10.0 !t

ivalent 381 Theta = 14
;?:o. theta > °T. min, -:33 load does not apply.

ce theta > 1/2‘?3/: t, rain-on-snow surcharge does not apply.

Pf = 24.25 psf I

s1 Roof Snow Load (Ps

o i w0
H L]

8 £y

o

| Ps = 24.25 psf

+

Unbalanced Snow Load (Puanl
sineo ivalent slo thot. is 14
fanced co.gition applies.

—

0 deg < theta < 60 unba
lho:o ologo at eaves = 5 deg
Use Case
Crown
gunbll = 0.5*Ps
| Punbal = 12.13 psf |
Eave
Punbal = 2*Ps/Ce
| Punbal = 53.89 psf |
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Emmnwmnmwawmmmmmm
for a CASE lit situation where the ‘eave’ is now located at the
phi = 70°location of 38 feet from the crown.

Unbalanced 107 207 474 187 o9
Belanced 213
Combined 2.3

_>>

Snow Loads (psf)

Project : Theater

Location : Milwaukee

Design Load : TM 5-809-1 1986

Time ¢t Thu Sep 12, 1991 12:35 PM

AANRRRARARRRRARSANRAR* Arched ROOE Snow Load Design *tkaaatarxakhthtthakhrs

Flat Roof Snow Load (Pf)
Pf = 0.T7*Ce*Ct*I*Pg

Snow E: sure Category: B
Ce = 0.
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Heated Structure.
ct = 1.0
I-porgn?co Category: II

s = 35.0 paf
Pf = 24.25 pst
Roof Width : 80.0 ft
Cro'n Height: 40.0 ft

ivalen SIog Theta = 35 deg
0 deg, min. snow load does not appl

s nce theta >
Sinco theta > 1/2 in/ft,

:nin—on-anow surcharge dozs not apply.

-+

Pf = 24.25 psf

&
b

—t

Sloped Roof Snow Load (Ps)

Pas = Ca*Pf
Roof SILgporys No
Ca -

Ps = 21.34 psf

+
*

o

Unbalanced Snow Load (Punbal)
Since equivalent slope, theta 35 dog
unba ancod condition applies.

10 deg theta < 60 d.g§°

Where 310 at eaves =
Use Case IIIX

Crown
Punbal = 0.5*Ps

+

Punbal = 10.67 pst

3
+

g

deg

30 dog poin }20 .0 £t from crown)

?unba

| Punbal = 47.42 psf

+

Eave

—

Height of eave above grade or lower roof: 18.0 ft
70 deg point (37.6 ft from crown)

Punbal = 0.00 psf

+—

L et
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xample Two is repeated for the original crown height of 15 feet, but with a zero

of eave above grade. The arch thus originates from grade. This is to

Nustrate the alternate distribution of snow accumulation when a lower roof or grade
exists within 3 feet of the eave.

This example could begin as a new building; however,it will be approached by
opening the saved Example 2. This eliminates reentering the Design Criteria.

A. Establish Criteria.
1. Already entered in Example 2.
B. Draw Volumetric model.
1. OPEN Filename: TUTOR2.BLD (file was created in Example 2).
2. Select DRAW MODEL tool palette.
3. Delete both existing shapes.

a. Select PERSPECTIVE 3D from the Options puli-down menu.
b. Select DELETE SHAPE from Edit pull-down menu.

c. Select OK on the waming pop-up box to indicate that snow loads will
need to be recalculated.

d. Select one handle on the barel vault shape.
e. Select one handle on the cube shape.

3  Note: You will not need to double click the right mouse key, since there
are no more objects to delete.

4. Draw the new barrel vauit on the ground plane.
a. Tum on STACK ON GROUND.
b. Select BARREL VAULT.

Oops! The object size does not reflect the required proportions for this
example. The editing funcions cannot be used to completely revise the barrel
vault size.

c. Double dlick the right mouse key to exit the command and not add the

barrel vault.
d. Set the INITIAL SHAPE SIZE as follows:
WIDTH N-S :80 feet
E-W :150 foet
HEIGHT 15 feet
ORIENTATION ‘E-W

e. Select BARREL VAULT again.
f. Click the left mouse key to add the shape.

g. Double click the right mouse key to stop adding barrel vaults to the
ground piane.

1)
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5. This compietes the model for this example.

C. Develop snow loads on the root.
D. Manipulate the bullding model and its snow load.

98 468539 539
Unbalancad 121 28.1 R WP D W U |
24.3
Balanced € et x ‘ 3 ; e = = ; st m—— x ¢ v wm— )
243
Combined & x x r 1 r 1 x r 3 X r 1 r 1 r 3 r 3 r 3 x 3 r 3 i 1 r
Snow Loads (psf

E. Generate hard copies.
F. Save the building model with its snow loads applied for future use.

Exi 6 :
Project t Theater
Location 1 Milwaukee

Design Load : TM 5-809-1 1986
Time ¢ Thu Sep 12, 1991 12:36 PM

ARRRRRRRKRARRARA KA *R% Arched ROOE Snow Load Design **akssntastisshdnkhiksk

Flat Roof Snow Load (Pf)
Pf = 0.7*Ce*Ct*I*Pg

gnow H osure Category: B

e = 0.

Heated Structure.

ct = 1.0

}mporiagco Category: II

Pg = 35.0 psaf

Pl = 24.25 psf

Roof Width : 80.0 ft

Crown Height: 15.0 ft

Equivalen 810§o Theta = 21 deg

Since theta > 10 deg, min. snow load does not apply.

Since theta > 1/2 in/ft, rain-on-snow surcharge does not apply.
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Pf = 24.25 paf

Sloped Roof Snow Load (Ps)

Ps = Cs*Pf
Roof Slisporyt No
Cl -

+

Ps = 24.25 paof

+
*

ot

Unbalanced Snow Load (Punbal)
Since oguivulont slope, thotai is 21 d
a

10 deg
Use Case

Crown
Punbal = 0.5*Pa

theta < 60 deg, unba
Where -logo at eaves = 41 deg

nced condition applies.

Punbal = 12.13 psf

o

o

30 d point }30.4 £t from crown)

Punbal = 2*Ps/Ce

—t

Punbal = 53.89 psaf

e

Eave
aoight of eave above grade or lower roof: 0.0 ft

Eave <= 3 ft above grade or lower roof.

Punbal = 53.89 psf

g

+
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m DRIFTED AND SLIDING SNOW

Dﬁﬁsmayocwronbwermofssﬂedwiminmleototahighoradaeomm
and also from projections above a lower roof. These projections may be
parapets, penthouses, stair and elevator projections, mechanical equipment, etc.
The snow load algorithm searches for the drift criteria stated above directly from the
building model.

Sliding snow occurs on roofs situated below gable or shed roofs having a siope ( or
equivalent slope in the case of barrel vaults ) greater than or equal to 2 in 12.
Lower roofs which are located below roofs having a slope (or equivalent slope)
greater than or equal to 2 in 12 shall include sliding effects per the criteria detailed
by the Metal Building Manufacturer’s Association (MBMA) document, Low Rise
Building Systems Manual, 1986. The following example illustrates the procedure.

A QWW’I"};“-\.M*‘»‘*Q#}M‘%* A et
N'kL-oan:to'roof adjacent to talle

imensions, siting, and location are the same as Example 2. The addition is
unheated, but the theater is heated. This example is predominantly taken from
TM 5-809-1 1986, page E-6.

Given: A lean-to roof structure for a storage and office addition adjacent {o a taller

theater roof.
I :
21° ! 15
l 12
N ‘2 6'
. THEATER \BI\
UNHEATED
LEAN-TO ———+ I
80’ l 18 l l L=40" l

Required: Find the design snow load on the lean-to roof, including drift and sliding
considerations.

Solution:

A. Establish Criteria.
1. Open Filename: TUTOR2.BLD (file was created in Example 2).
B. Draw volumetric model.
1. Select DRAW MODEL.
a. Select PERSPECTIVE 3D from the Options puli-down menu.
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2. Oops! The ground plane is of insufficient size to add the shed in this ex-
ample if the buliding is centered on the ground plane width.
a. Increase the Ground Plane N-S WIDTH to 140 feet.
3. Add the shed.
a. Tum on STACK ON PLANE .
b. Rotate the 3-D Viewpoint of the building s you are looking from the SE | | 4"

quadrant.
c. Select CUBE and handies will appear.

d. Select south wall handle and the cube will expand to match the wall
dimensions.

e. Click the left mouse key to fix the shed.
f. Double click the right mouse key to exit Stack On Plane command.
g. Proportion the shed.
(1) Drag the shed roof plane down 6 feet from the barrel vault eave
using the drag plane command.
3  Note: The height shown In the Dimensions pop-up dialog box will be
12 feet.
(2) Drag the east piane of the shed to the west and make the length
of the shed 40 feet.
(3) Drag the south plane of the shed to make its width 18 feet.
(4) Double click the right mouse key to exit drag plane.
h. Create lean-to roof.
(1) Select TAPE MEASURE from the Edit puli-down menu.
» Note: Roof siopes shown in the Dimensions dialog window may not

be correct for a Cube. This issue can be avoided by checking roof
slopes with TAPE MEASURE.

(2) Position the mouse pointer at the NE upper vertex of the shed.
Click the left mouse key. A red dot will appear at the vertex.

(3) Position the mouse pointer at the SE upper vertex of the shed.
Click the left mouse key. A red dot will appear at the vertex, and a
dashed red line will connect the two dots. A pop-up Measure dia-

log window will appear displaying data regarding the dashed line
between those two red dots.

» Note: You cannot edit the data in this dialog window. The values in
the data blocks will change as you drag an edge which is connected
to the vertices.

» Note: On the single-screen CASM version you may need to move the
Measure dialog window to a more convenient location on the screen.

(4) LOCK the N-S direction.
(5) Select DRAG EDGE and handles will appear.

@

gy
Rz
L]
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(6) Select the upper south edge of the shed. Hold the right mouse
key down while moving it up and down. Drag the edge veriically
until the N-S siope in the Measure dialog window reads 2.00 in
12.

ew.  [_awjn
Veicst [ 300]n
True Length: | 18.25]|t
N-S Slope: 2.00in 12
E-W Slope: Jin 12
True Stope: [ 2.00]in 12
[ (Sizpe) J [ Angle | [ Cancel]
(7) Ciick the left mouse key to fix the roof slope.
(8) Double dlick the right mouse key to exit the Drag Edge command.
(9) Select CANCEL on the Measure dialog window to stop tape
measuring.
» Note: Tape Measure remains active until it is canceled.

i

(10) UNLOCK the N-S direction.
4. This completes the model for this example.

C. Develop show loads on the shed roof.
1. Select LOADS AND DESIGN .
2. Select SNOW LOADS . A pop-up dialog window will appear.
a. Select the THERMAL FACTOR for an Unheated roof.
» Note: The barrel vault portion of the building is heated, while the shed
is unheated. The user must decide for which portion of the total
building results are required. For this example, the shed roof is under

consideration; thus, "unheated” was chosen. The barrel vault snow
loads will therefore not be correct. A separate snow load study is
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required for the berrel vault, which will then make the shed output
incorrect.

b. Select Importance Category |, since the shed has an occupancy less
than 300 people.

c. Select QK when salisfied with all the parameters. Roof snow load
caiculations will automatically begin. A pop-up dialog box will keep you
informed of the program'’s progress.

d. The building pian and a section will appear when the caiculations are
complete. Note thet drit and sliding snow values exist over the shed
portion of the rool.

D. Manipulate the buiiding model and its show loed.

orbsanced 132 204 432503804428

Buienced 288 §

- o
[riet |

e 158 00

comned 208 ‘7?%\19_{

_.)

Snow Loads (30
E. Generate hard coples.
F. Save the building model with its show loads applied for future use.

Example 7 sample output :

Project s Theater
Location t Milwaukee
Design Load : T 5-809-1 1986

Time : Thu Sep 12, 1991 12:37 PM

KRRXARRARRARRARNNRARRA Arched Roof Snow Load Design **axwx

tlat Roof Snow Load (Pf)
= 0. 7*Ce*Ct*I*P

gnow o sure Category: B

.-

Unheated Structure.

ct = 1.2

Importance Category: I invalid for barre’
of = 28:0ePpat vault roof portion.

Roof Width : 80.0 ft
Crown Hel htz 15.0 ft
Eguivalon lope Theta =
S8ince theta > 10 deg, min.
Sinco theta > 1/2 in/ft

Atk ok k kA kkok kK

ow load does not apply.
ain-on-snow surcharge does not apply.
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Unbalanced Snow Load (Punbal)

Since osuivnlont slope, theta, is 21 3
10 theta < 60 deg unbcilncod condition applies.
Where sl at eaves = ﬁ

Use Case

Crown
Punbal = 0.5*Ps

Punbal = 13.23 psf

—

30 deg point }30.4 £t from crown)
Punba - 2*pa/Ce

| Punbal = 58.80 psf

-t

Eave
Hoi ht of eave above grade or lower roof: 18.0 ft
al = (2*Ps/Ce]*[1~-(phi-30)/40]

Punbal = 42.63 psf
RRRRARRARAAARARANARAY Arched Roof Snow Load Desi

Flat Roof Snow Load (Pf)
Pf = 0.7*Ce*Ct*I*Pg

Snow osure Category: B
Ce = 0.

gnhoatod Structure.

t = 1.2

Importance Category: I
I'p- 1.0 sgory

ot

+
:
* NARRARRAR AN ANk

Pt eale Pt ol Invalid for barrel

Crown Height: 15.0 £t

g néxa%ggt.SIOEO R;E min. MICQPJORQ\EU%

Since theta > 1/2 in/ t, rain-on-snow surcharge doos t apply.
P = 26.46 psf

+

o — o

H
+

Sloped Roof Snow Load (Ps)
Ps = Co*Pf

-

Unbalanced Snow Load )

Since equivalent slgfe, theta, is 21 de

10 deg < theta < 60fdeg, unbalanced congition applies.
Where slogo at eavfs = 41 deg

Use Case

Punbal =/13.23 psf

30 deg pojnt }30.4 ft from crown)
Punbal =/2%ps/Ce

Pugbal = 58.80 psf

e

e
—

Eav:
Hejght of eave above grade or lower roof: 6.0 ft
Pyfibal = (2*Ps/Ce)*[1- (phi 30)/40)

RARRRRRANRARRANSA%: Flat/Lean-To Roof Snow Load Design *#*xiksasasasrsnsiss

Flat Roof Snow Load (Pf)
Pf = 0.7*Ce*Ct*1I*Pg

Snow Exposure Category: B
Ce = 0.

g:hontod Structure.
Imporgagco Category: I

3 = 35.0 pst
Pl = 26.46 paf
Roof Slope: 2.00 in 12
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Theta = 9 deg

Check minimum Pf where theta <= 135 deg

When Pg > 20.0 psf, min Pf = 20*I

Min Pf = 20.00

Since theta > 1?2 in/ft, rain-on-snow surcharge does not apply.

i PL = 26.46 pst

o

Sloped Roof Snow Load (Ps)
Pa = Co*Pf
Roof 8118pory: No

Ps = 26.46 pof

o

RANRRANRNRNRRARRAANCRENNN Drift Snow Load Design *ananmasadatAraARNcak At nens

Pg = 35.0 psf
Snow Don.i y = 20.0 pet
Pa = 26.5 paf (rain-on-snow surcharge not included)
hb = P-/donnity
hb = 1.32 ft
?tojoctlon Boight = 6.00 £t
hc = hel
he = 4.6 !
he/hb = 3.54 >= 0.20 Therefnre consider drift load.
Ilportlgco Category: I
Snow sure Cntogozy: B
Ce = 0.
Separation = 0.0
:g - 2*I*P?/Co*don.ity'(20--/20) <= hec
hd <= he
Pd - hd*donaity

Pd = 77.78 pst

b
o

idth of drift for L = 40.00 <= 50 ft: W = 3*hd >= 10 ft.
W= 11.67 £t

L
+
+
!
+

o

RRERARRRARRRNANRANRANSAR S14ding SNOW LOAd DeSign * A ARARAARKAXASARRARRARANE

Theta = 21 dng > 2 in 12, therefore sliding snow.

Projoetion B ght éhr) = 6.00 ft
Separation = 0.0

Separation diatanco hr and < 20 ft
Increase in drift hcightx hs = 0.4*hd
hs = 1.56 £t

hd + hs <= hc

hd + hs = 5.45 £t

hc = 4.68 ft

Hed ht used = 4.68 ft

Pd + P = hoiqht*donaity

i Pd + Ps = 93.54 psf

-t

Notes for sliding snow:
Calculations based on MBMA 1986.
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Given: This multiple-gable roof example is taken from page E-2 of TM 5-809-1
1986. i is a warehouse located in Anchorage, Alaska, and the sie is a
windy fleld with a few birch trees planted nearby. It is an unheated structure
with roofing that creates a rough surface. The following dimensional data is

given, and there are no adjacent structures.

ROUGH SURFACE
12
4 | s'
—e

8=ARCTAN 4/12=18°

UNHEATED 8

30 30’
a

LENGTH = 120

Required: Determine the balanced and unbalanced snow loads.
Solution:

A. Establish Criteria.
1. Input the following data into the PROJECT, REGIONAL, and SITE Crite-

ria dialog windows:

PROJECT: Project Name : Warehouse
City/Installation : Anchorage
State : AK
Design Load :TM 5-809-1 1986

REGIONAL: Ground Snow Load : 45 pst

SITE SNOW: Importance : Category |
Exposure : Category B
Roof Slippery 1 no
Thermal Factor : Unheated

» Note: The CASM program uses the abbreviations for the names of
states rather than the full name. The insertion of AK for Alaska
switches the program from TM equation 6-1a to 6-1b.

B. Draw volumetric model

1. Select DRAW MODEL from the CASM menu bar.

2. Establish general layout requirements, which are different than previously
established.
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a. Use the following:
DEFINE UNITS (snap increment). :. ' inches
SNAP TO UNITS ron
SHOW GROUND PLANE :on
GROUND PLANE
WIDTH N-S : 140 feot
E-W :140feet
SPACING NS : 20 foet
E-W :20feet
INITIAL SHAPE SIZE
N-S WIDTH : 120 foet
E-WWDTH : 60 feet
HEIGHT : 18 foet
ORIENTATION :N-S
STACKONGROUND PLANE :on
DIRECTIONS LOCKED : none

1. Place a CUBE on the ground plane with the required dimensions.
2. Draw the multiple-gable roof.
a. Change the following INITIAL SHAPE SIZE values:

E-WWDTH : 30.0 feet
HEIGHT : 5.0 feet
MAINTAIN INITIAL SIZE 1on

» Note: if Maintain Initial Size in ON, the proportions of the shape when
stacked will not be adjusted to the size of the piane.

b. Tum on STACK ON PLANE.
¢. Add one half of the multiple-gable roof.
(1) Select PRISM from the Shapes pull-down menu. Handles will ap-
peer on all the visible planes.
(2) Select the top plane of the cube with the mouse pointer. The
plane is highligited and a prism will appear at the Initial Shape
Size of 30.0 feet wide, 120.0 feet long, and 5.0 feet high at the
center of the plane.

(3) Move the mouse left and right to position the prism at one edge
of the cube.

(4) Click the left mouse key to fix the position of the prism. Handles
will appear on planes to stack another prism onto.

‘Q

R

2%
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SNOW LOADS

(5) Select the top plane of the cube with the mouse pointer. The
plane is highlighted, and a prism will appear on top of the cube.

(6) Move the mouse left and right to position the prism at the other
edge on the cube.

(7) Cilick the left mouse key to fix the position of the prism. Handles
will appear on pianes to stack another priam onto.

(8) Double click the right mouse key to stop stacking prisms on
planes

3. This completes creation of the model.

A. Develop snow loads on the roof.
B. Manipulate the buliding model and its snow load.

972

bais 488
Unbulanced 148 ‘ )
292
Balanced &4 & 2 3 3 3 3 2 T 1 T A& 3 1 S )
irad 292
o

[ S D W SR SN G T S SR S SN SRV SR SN WA W S

T~ T

._{> T

Snow Loads (psf)
C. Generate hard coples.
D. Save the building model with its show load applied for future use.

Example 8 sample output :

Project : Warehouse

Location : Anchorage

Design Load : TM 5-809%-1 1986

Time ¢ Thu Sep 12, 1991 1:17 PM

ArAkARERAAXARA4* Myultiple Folded Plate Roof Snow Load Nas jn **xisdaassassss

Flat Roof Snow Load (Pf)
gf - g.G*Ce*CtEI*Pg 5
now osure Category:

Ca = Ofg gory
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Unheated Structure.
Ct = 1.2
%lpozgngco Category: I
Pg = 4%.0 paf
pat
Roof Slogo: 4.00 in 12
deg

Since theta > 15 deg, min. snow load does not apply.
Since thets > 1/2 in/ft, tlin—on-anow surcharge does not apply.

| Pf = 29.16 psf

b—

Sloped Rocf Snow Load (Ps)
Pa = Cs*Pf

Roof 3118pory: No
s =1

Ps = 29.16 paf

—

+
+

Note: See Gable cutput for first windward and last leeward slope.
Unbalanced Snow Load (Punbal)

Ridge

Puggal = 0.5*Pf

e
+*

t Punbal = 14.58 psf

—

le
Punbal = 3*Pf/Ce
Punbal = 97.20 psf
qoight of unbalanced load = 4.86 ft <= height of ridge = 5.00 ft

| Punbal = 97.20 psf

e

|
H
+
RANRRRRRRRRRRRNRRRARN Gable/Hip RoOf Snow Load Design *** s axakakakkxikaksen

Flat Roof Snow Load (Pf)
Pf = (0.6%*Ce*Ct*I*Pg

Snow osure Category: B

Ce = 0.

Unhoatod Structure.

=-1.2

Inpor&ngc. Categorys: I
= 45.0 psf
of i

= 29.16 psf
Roof Slope: 4.00 in 12
Theta = 18

d
Since theta ;915 deg, min. snow load does not apply.
Sinco theta > 1/2 1in/f¢t, rain-on—snow surcharge does not apply.

Pf = 29.16 psf

—t
+—t

Sloped Roof Snow Load (Ps)
Ps = Cs*Pf

Roof 3118pory= No

Cs -

Ps = 29.16 psf

ot

M
+

Unbalanced Snow Load (Punbal)
giggolls dog*< thota < 70 deg, unbalanced condition applies.
unbal =

Punbal = 48,60 psf

+

o

+
+
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seclion includes examples of wind load design for (1) main wind force
resisiing systems, (2) building components and cladding, and (3) unenclosed
bulidings. Subtopics under each of theee three categories will address various roof
forms and buliding heights 1o ilusirate all provisions of the Tri-Services Load

Assumption for Bulidingg Technical Manual, 1968.

B Main Wind Force Resisting Systems

Given: This one-story gabled roofindustrial bullding is an example taken from page
D-1 of TM 5-809-1 1986. It is to be used for storage and maintenance of
equipment. Itis located in Huntsville, AL and is sited in exposure category

C. See lustration below:

SECONDARY BRACING IN PLANES OF
UPPER AND LOWER CHORDS OF TRUSSES
ARE NOT SHOWN.

OPENINGS ON REAR AND END
WALLS ARE APPROXIMATELY 10%.
OPENINGS ON FRONT WALL

ARE 48%.

Required: Determine the external pressures and suctions on all surfaces for wind
perpendicular and paraliel to the ridge.
Solution:

A. Establish Criteria.

1. Select CRITERIA from the CASM menu bar and scroll down the pull-
down menu to PROJECT.

2. Insert the following data:




WIND LOADS
Project name: industrial building
City/nstallation: Huntsvifle
State: AL
Design load: TMS5-809-1 1986

» Note: No database exists for Huntsville and you will have to fill in any
other useful data. The elevation above sea level is not used in this
example, and a defautt factor of 0.00258 is assumed to refiect air mase
density for the so-called "“standard atmosphere” in caiculstions of
velocity pressure q:. Select QK when finished inputting data.

3. Select CRITERIA for a second time and scrolf down the pull-down menu

to REGIONAL.
4. Insert the following data into the appropriate boxes within the REGIONAL

WINDOW:
Basic Wind Speed : 70 mph (from the basic wind speed map)
Coastal : no (leave the box blank)

» Note: it is important not to omit consideration of coastal. If you click
on the box, an X will appear, indicating that you are within 100 miles
of the coastiine. You will be asked for the distance later. Shouid you
leave the box blank, it is assumed that you are inland and 100 miles
will be the defauit value used later.

5. Select OK when finished, since no other data is required here.
6. Again select CRITERIA and scrolt down the pull-down menu to SITE.
7. Insert the following WIND data into the appropriate boxes within the SITE
window:
Importance : 1.0
Exposure : C
The pop-up dialog windows will assist you in the selections above.
» Distance to oceanline: If the coastal box was left blank, 100 miles will

exist here. This value cannot now be changed. I[f coastal was
checked X, you may enter any number less than 100 miles.

8. Select OK when you have finished entering data. The CASM program
will retum to the CASM program window.
B. Draw volumetric model.
1. Select the DRAW MODEL tool palette.
2. Establish general layout requirements for this example.
a. Use the following:

3-42




WIND LOADS LOADS

DEFINE UNITS(snap lncronmﬂ) 12 inches

SNAP TO UNITS
SHOW GROUND PLANE : on
GROUND PLANE
WIDTH N-S :100fest
E-W 100 feet
SPACING N-S  :20feet
E-W  :20 feet
INITIAL SHAPE SIZE
N-S WIDTH : 20 foet
E-WWIDTH : 75 feet
HEIGHT : 18 foet
ORIENTATION :E-W
STACK ON GROUND PLANE :on
DIRECTIONS LOCKED : none
3. Create the first floor building volume. @
a. Select CUBE . nd center on the ground plane. &
4. Create the gable roof form.
a. Tum on STACK ON LAST SHAPE from Layout pull-down menu. Fal )
b. Select PRISM . = = ;
c. LOCK the N-S and E-W directions. YR
d. Select DRAG EDGE from Edit puli-down menu. Lower the ridge to 6 feet

in height by selecting the handie on the ridge with the mouse pointerand | || |1
by holding down the right mouse key while dragging the mouse toward
you.

e. UNLOCK the N-S and E-W directions. {;;,3, 3; w

5. Create wall openings.

» Note: it is not necessary to draw all the wall openings on every
elevation, if you already know the internal pressure coefficients
{GCpi) for your model. The computer will automatically compute the
required GCpi if you are uncertain as to whether you meet the criteria
upon which GCpi values are based. We will let the computer do the
caicuiations for us in this example.

a. Select the DRAW STRUCTURE tool palette. NMEED

b. Select VERTICAL STRUCTURAL PLANE from the View pull-down
menu. Handles will appear on the visible vertical planes. —

c. Select the south plane with the mouse and a 2-D elevation of the 0o
selected wall will appear.
d. Create the continuous top window opening.
(1) Select ADD OPENING from the Grid/Open pull-down menu. A
Tributary Area dialog window will appear which shows the dis-
tance of the mouse pointer from the lower left comer of the 2-D
view, lengths of the opening, and the tributary area of the open-
ing.




V]

B

L%

e
|

»

»

»

WIND LOADS
Dist. from lower-left comes:
Horizontak [ 75r]n
Verticat GG
Horizontal Length: [ 7507t
VerticalLength: | 207]n
Tavmyans: (T80

(2) Locate the mouse pointer at the upper left comer of the eleva-
tion. Single click the left mouse key to fix one opening comer.

Note: if you are having trouble positioning the pointer with the mouse,

use the arrow keys instead. The [Enter] key is the same as single
clicking the left mouse key.

(3) Drag the mouse to dynamically proportion the opening until the
vertical length is 2 feet and the horizontal length is 75 feet.

(4) Click the left mouse key when the desired opening size is
achieved.

(5) A dialog box appears asking you to name the opening. Type
name: Eave Strip Window.

Nac:l!m Strip Window |

O cContinuons apeng

Note: The CONTINUOUS openings option only applies to horizontal

floor planes. it would duplicate the opening on all other floors in the
model.

(6) Click on OK when finished to add the opening.
Note: Clicking on CANCEL will not insert the opening.
e. Create the overhead door openings.

(1) Set the SNAP INCREMENT to 6 inches from the Define Units

command by selecting the Define Units icon button in the lower
right comer of the screen.

(2) Select ADD OPENING from the Grid/Open pull-down menu. The
Tributary Area pop-up dialog window will again appear.
(3) Move the mouse pointer until the distance from the lower left cor-

ner is 2.5 feet horizontally and 0.0 feet vertically. Single click the
left mouse key to fix the comner of the opening.

(4) Drag the mouse until the door proportions are 10 feet horizontally
and vertically.
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(5) Click the left mouse key to fix the opening dimensions.

(6) Name the opening: Door 1.

(7) Click on OK to add the opening.

(8) Repeat steps (4) through (9) to add the remaining openings on
this elevation.

(8) ¥ you selected incorrect coordinates for an opening, use the De-

lete Opening or Modify Opening commands. See the Reference

guide for detalls on using these commands.

f. Select PERSPECTIVE (3D) from the Viewpoint Options pull-down menu
to view the model at this stage.

g. Add eave strip windows along the other three elevations. Follow steps
5b through 5d.
» Note: You will have to select PERSPECTIVE (3D) and rotate the model
to view other elevations to facilitate wall selection.

» Note: Only openings from the last selected plane will be shown on the
3-D model. To see all openings on all elevations, select SHOW
STRUCTURE and select the check box for ALL PLANES.

h. This completes the model and its openings for this example.

.2

C. Develop Main Wind Force Resistance wind loads on the building.
1. Select the LOADS AND DESIGN tool palette.

ot e

Basic Wind Speed:
O cCoastal  Distance to Dceantine: [100 | mi

impostance Factor: | Ea
Exonme Catapery E_1G)

 Operioge Conie: (15| 05|

] Calculate qz Constant 0.00256

Elovation Above Sea Level: o n

@ Moin Wind Force Resistance System
O Components and Cladding
O Gpen Root

Output File:  [WIND1.TXT ]

Doline Asea
Assumptions> >

Lax ) (gancet ]

lki

W
M

3-45




WIND LOADS

2. Select WIND from the Loads pull-down menu. A Wind Loads pop-up dia-
log window will appear with values selected under Criteria.

3. Select % OPENINGS COEFS. by clicking the data window button. An in-
temnal Pressure Coefficients pop-up dialog window will appear listing op-
tions and their criteria.

O 015ad 0.5
1. Percontage of apenings in one well sxceeds thet of off othe:

walls by 10 psicent or mote, and openings in all other & ¥s
do not escend 20 percent of 1especiive wall sca.
Percontage ol opening: is based on giess mea of wall.

O +0.25 and 0.25
2. All othet cases.

@ Compute peicentage of openings
File nemo: |GCPIOUT. TXT ]

(] (gomen]

a. Select COMPUTE PERCENTAGE OF OPENINGS to have the com-
puter select GCpi based on code criteria.

b. Modify flename if desired.

c. Select OK and intemal pressure criteria will be tested. A pop-up dialog
window will appear to keep you informed of the calculation progress.
Final GCpi values will be displayed in the Wind Load dialog window.

» Note: The output file can be displayed and printed similar to snow
load calculations.

4. Tum Off CALCULATE QZ CONSTANT 0.00256.
5. Tum on MAIN WIND FORCE RESISTANCE SYSTEM.
6. Modify Output Filename as desired.
»  Note: Selection of ASSUMPTIONS allows the user to choose a plan
and height ratio for appropriate consideration of B/L and h/L ratios for
irregular building forms. An option to use the eave height, rather than

the roof mean height, for slopes iess than 10 degrees can also be
selected. See the Reference Manual for further elaboration.

7. Click on OK when satisfied, and wind load calculations will begin. A pop-
up dialog window will keep you informed of the progress.

Wind load: GCpi=0 (psf) 9.9
11.9 T T T T T 1T ¥ 1171

} 11.4
11.4

10.3

I T 1 T 1T YT T7Y

i

ITI11.11

8. The building plan and a section will appear upon completion of the calcu-
lations. Wind pressures and suctions will be shown for the wind direction
arrow displayed and with GCpi = 0.
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D. Menipuistion of the buliding modei and its wind loads.
1. Change wind direction.

a. Select PERSPECTIVE (3D) from View menu. A 3D view will appear on
the screen with a wind direcion asrow and a ground plane north arrow.

.%

» Note: Pressures are shown in a cyan ( light biue ) color, and suctions
are shown in a magenta ( purple ) color.

b. Rotate the view direction 90 degrees clockwise by dragging the black
arrow around the circle in the View Direction tool.

c. Select SECTION from the Options pull-down menu. The rotated 2-D plan
and section will appear with new wind pressures and suctions shown.

Vind Load: GCpi=0 (psf)

_>

41 3.9

10.90

7.1

10.3

» VN.:I:: The wind direction is always shown left to right in the section
2. Display wind loads with consideration of intemal pressures.
a. Select SHOW LOADS from the View menu. A Show Loads dialog
window will appeer.
b. Select either GCpi Negative or GCpi Positive .
c. Click on OK . The selected wind loads will appear on the section.
d. Repeat steps a through c to view the other GCpi case.
3. Review B and L Assumptions used in wind calculations.

a. Select PERSPECTIVE (3D) .
b. Select B & L ASSUMPTIONS from the Show Loads window.

B2

d| D
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¢. Click on QK. Red B & L rectangles for wind in all four directions will
appeer.
» Note: For Example 1 refer to the B
and L diagram shown on the right. %
Each rectangular outiine represents

the assumed B and L dimensions
used in the caiculations. The wind
direction is shown by a triangle
pointing in the direction of the wind.
The numbered labels appeering on ~~
each red rectangle coincide with the
numbered titles on the output caicu-
iations. To display all four rectan-
gles, you will need to zoom out.
Refer to the B&L examples below for
lrreguilar shapes.

->

4. Tum off the display of openings.

ﬁ a. Select SHOW STRUCTURE from the View pull-down menu. A Show
Structure pop-up dialog window will appear.

b. Tum oft OPENINGS.

c. Select OK and the displayed openings on the 3-D model will disappear.

5. To rotate, pan, zoom, change from wireframe to solid, and perform other
operations with the 3-D model; follow steps D-1 through D-6 of Example
1 in the snow load section.

E. Generation of hard copies.

1. For detaiis on the following commands, refer to steps E-1 through E-4 of
Snow Load Example 1.

a. View — Section

b. File — Print Screen
¢ Printer
OK

c. File — Print Data
v Wind GCpi
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v Wind
v Printto Flle
¢ Exscute Noleped
oK

d. Notepad — Flle — Page Setup
Lot Margin :0.5
Right Margin : 0
oK

e. Notepad — Flle — Print
f. Notepad — Flle — Exit

Compuied Percentage of Openings output:

Project 1 Industrial Building
Location : Huntsville

Design Load : TM 5-809-1 1986

Time t Thu Sep 12, 1991 2:39 PM

ARARERARARANRARRNS Tnternal Pressure Coefficlents, GCpl AA*«#xakkrkkkhwsn

Condition GCpi
1. Percentage of openings in one wall exceeds that of all other
walls by 10 perxcent or more, and nings in all other walls
do not exceed 20 percent of respective wall area.
Percentage of openings is based on gross area of wall. +0.75 & ~0.25
2. All other cases. +0.25 & -0.25
Wall Oponing Percentage of
Wall Plane Name Area (sf) Area (sf) Opening (%)
Wall - 1 420.0 40.0 9.52
Wall - 2 1350.0 150.0 11.11
Wall - 3 420.0 40.0 9.52
Wall - 4 1350.0 650.0 48.15
ﬁall - 4 satisfies condition 1.

GCpi = +0.75 and -0.25

+-—

H
+

» Note: Wind output tities include a number which corresponds to the
number on the B & L Assumptions rectangles. This will assist the user
in interpreting the direction of wind In the calculations.

Main Force Resistance Sysie ulput

Project : Industrial g
Location s+ Buntsville

Design Load : TM 5-809-1 198

Time s Thu Sep 12, 1991 2:39 PM

KRARRRRRNRANRRARRARANARARRARRLY Wind Load — 1 ArrAAAkkAAAhrArrhdhbdkhr Ak dhk

Velocit I rtance Exposure Width Length Roof Type
¥ gactcr Perpend. Parallel Yp
to Wind to Wind
(mph) (ft) (£t)
70.0 1.00 (o 20.0 75.0

Distance to ocean line >= 100 mi. h/d = 1,05 <= §
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FRRARARARRERARRANREANNENS Main Framing Pressures *twssaatdwaasdaea sk anesdss

Parallel to Ridge or Length
Location l(oi h Gh Kz

T External Pressure P (paf)
s P GCpi=0 -0.25 0?75

Windward Wall

level 3 24.0 1.29 0.92 11.5 0.80 11.9 14.6 3.6
level 2 - 3 21.0 1.29 0.88 11.0 0.80 11.4 14.1 3.1
level 1 - 2 9.0 1.29 0.80 10.0 0.80 10.3 13.1 2.1
level 1 0.0 1.29 0.80 10.0 0.80 10.3 13.1 2.1
Leeward Wall 21.0 1.29 0.88 11.0 -0.21 -3.0 -0.2 -11.2
Side Wall 21.0 1.29 0.88 11.0 -0.70 -9.9 -7.2 -18.2
Roof 21.0 1.29 0.88 11.0 -0.70 -9.9 -7.2 -18.2
Internal 21.0 0.88 11.0 0.0 -2.8 8.3
(2222223232222 222223 22322222222 X1 'iﬂd Loﬂd - 2 (2222222232222 2222222222 2X 222
Velocit Importance Exposure Width Length Roof Type
¥ mgnctor P Perpend. Parallel e
to Wind to Wind
(mph) (ft) (ft)
70.0 1.00 (o 75.0 20.0 Gable

W : 7.20 in 12
Distance to ocean line >= 100 mi. h/d = 1,05 <= 5 Lee: 7.20 in 12

RERRRRRRNRNRRARARARRNAARS Main Framing Pressures ** st asasadARsusu A danane

Perpendicular to Ridge or Length

Location z or h Gh Kz qz Cp External Pressure P (psf)
(£t) (psf) GCpi=0 -0.25 0.75

Windward Wall
level 2 18.0 1.29 0.84 10.5 0.80 10.8 13.6 2.6
level 1 -2 9.0 1.29 0.80 10.0 0.80 10.3 13.1 2.1
level 1 0.0 1.29 0.80 10.0 0.80 10.3 13.1 2.1
Leeward Wall 21.0 1.29 0.88 11.0 -0.50 -7.1 -4.3 -15.3
Side Wall 21.0 1.29 0.88 11.0 -0.70 -9.9 -7.2 -18.2
Windward Roof 21.0 1.29 0.88 11.0 -0.29 -4.1 -1.4 -12.4
Leeward Roof 21.0 1.29 0.88 11.0 -0.70 -9.9 -7.2 -18.2
Roof Parallel 21.0 1.29 0.88 11.0 -0.70 -9.9 -1.2 -18.2
Internal 21.0 0.88 11.0 0.0 -2.8 8.3

Notes for main framing:
Positive pressures act toward surfaces.
Pressure or suction = P = gq*Gh*Cp and/or P = gh*Gh*Cp-qh* (GCpi)

» Note: Leveis on the windward side are designated by numbers
starting with 1 at elevation z = 0.0 feet. Level 2 becomes the eave
height at elevation z = 18.0 feet, since no intermediate fioors were
created in the model. Level 3 is the ridge height for wind paraliel to the
ridge, which Is z = 24.0 feet. Level 1-2 indicates a midheight level
between ievels 1 and 2. This corresponds to elevation z = 9.0 feet in
this example. Level 2-3 also indicates a midheight level between
levels 2 and 3, which in this case is also the mean roof elevation of
21.0 feet. The mean roof height is used to caiculate pressures and
suctions for leeward, side, and roof surfaces. it is also used to
calculate internal values.

Level 3

Level 2-3 Mean /\
Level 2 /

Level 1-2

Level 1
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F. Save the buliding model with its wind loads applied for future reference.

1. Refer 1o steps F-1 through F~4 in Snow Load Example 1 for details on the
following commends.

a. File - Saw
Enter file name
oK
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Given: This example is taken from page D-14 of TM 5-809-1 1986. It is a
three-story administrative building with a height less than 60 feet. It is
sited in Mississippi at the Army Ammunition Plant on the coast of the Gulf
of Mexico. [t is assumed to be in exposure category C and to have an

factor of . The windows shown on the elevation exist on all
four elevations. A plan and elevation follow:

WINDOW ROOF WIND
\ EL. 42.0 —_—
\ H T H
2
ddudda
3RD FLR o
_|EL 280 Q
Q
[ —
2ND FLR I H o
_|EL 140
| ?
1ST FLR
EL. 0.0 AR I W
20’ l 20° 20° l 20"
40’ L=40’
ELEVATION FLOOR PLAN

Required: Detemmine the external wind pressure and suctions on all surfaces.
Solution: '

An abbreviated discussion is given here since most of the steps repeat in a
similar fashion to Example One.

A. Establish Criteria
1. Input the following data into the PROJECT, REGIONAL, and SITE CRITE-

RIA dialog windows:
PROJECT Project name : Administration Bidg.
City/Installation : Ammo Plant
State : MS
Design Load : TM5-809-1 1986
REGIONAL Basic Wind Speed : 100.0 mph
Coastal : yes (highlight with an X)
SITE WIND Importance : Category |
Exposure : Category C

Distance to Oceanline : 0 miles
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B. Draw volumetric model.

1. Select the DRAW MODEL tool palette.
2. Create the first floor building volume.
a. Establish general layout requirements as required.
» Hint: start with the default initial shape size and drag planes or set the
initial object size to the correct proportions.
b. Add the Cube to the ground plane.
3. Create the second and third floor volumes.

a Select DUPLICATE SHAPE from the Edit pull-down menu or click on the
Rabbits icon. A Duplicate pop-up dialog window will appear asking you
how many objects are to be added in each direction and the clear
spacing between the objects.

b. Change the VERTICAL number to 2. Leave the VERTICAL SPACE
distance at 0.0 feet so that the objects will connect directly.

c. Click on OK and solid square handles will appear on the visible planes
of the shape.

d. Select any one of the three handies on the shape and the two vettically
duplicated shapes will appear. Handles will now appear on all three
shapes to permit duplicating another shape.

e. Double click on the right mouse key to exit the Duplicate command.
4. This completes the model for this example.

.3
}
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C. Develop Mein Wind Force Resistance wind loads on the buliding.

1. Select the LOADS AND DESIGN tool palette.
2. Select WIND from the Loads pull-down menu or the Wind icon. The Wind
Loads pop-up dialog window will appear.
a. The % OPENINGS COEFS. are set at the default values of +0.25 and
-0.25.

» Note: It is not necessary to draw in the openings on the buliding and
have the computer check code criteria and select coefficients when it
is obvious that similar openings exist on all four elevations.

b. Tum off CALCULATE QZ CONSTANT 0.00256.
c. Tum on MAIN WIND FORCE RESISTANCE SYSTEM.

d. Modify the Output Filename as desired.

Basic Wind Spoed: 1000 |meh
B Coastel  Distonce te Gceantine: [0 |mi
Impertance Facter: ' s 1G]
Exposwe Catagory; jc E]
% Openings Ceels.: (= 1G]
[ Caleuiate qz Constamt 0.00256

Elevation Abeve Sea Level [ n
@ Mein Wind Force Resistance System

Q Components and Cladding

O Ogen Roet

Output Flle:  {WINDOUT] IXT B
= o

3. Click on OK when satisfied, and wind load calculations will begin. A pop-
up dialog window will keep you informed of the progress.
4. The building plan and a section will appear upon completion of the calcu-
lations. Wind pressures and suctions will be shown for the wind direction
amow displayed and with GCpi = 0.
Vind Load: GCpi=0 (psf) 26.0
LEVEL 4 o trirrirtrtt

LEVEL 34 4186

111

> 28.3

LEVEL 3 4

28.3

i

)
[ [18.6
2‘.4_' }‘

LEVEL 2-3

4

LEVEL 2 "

4

LEVEL 1-2

LEVEL 1
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D. Manipuistion of the buillding mode! and its wind loads.
1. Refer to steps D-1 through D-5 from Exampile 1 in this section for detalls
on the following commands.
a View - Perspeciive 3D
. Rotate view 90 degrees
View - Seclion
View — Show Loeds
v GCpi Negative
OK
e. View — Show Loads
v QCpi Positive
oK
f. View — Perspective 3D
g. View — Show Loads
v B&L Assumptions
oK
h. View — ShowStructure
Tum off openings
OK
i. Rotate 3D view
}- Pan 3D view
k. Zoom 3D view
I. View — Solid Object
m. Perform any other operations with the 3D model
E. Generate hard coples.
Exi 2 :

Project : Administration Bldg.
Location + Ammo Plant
Design Load : TM 5-809-1 1986

Time t Thu Sep 12, 1991 3:23 PM

ARRNRRRRARRRRRARARRARARRNRAARNY Wind Load — 1 *AkAARrakAhkhkhrrthahkhtrr At b rd

o

P

Velocity Importance Exposure Width Length Roof Type
actor Perpend. Parallel
. to Wind to Wind
{mph) (£ft) (ft)
100.0 1.0% c 40.0 40.0
Distance to ocean line: 0 mi. h/d = 1.05 <= §

RARRARRAANARRNANGRRNANANS Madn Framing Pressures ANtk arasxd s h ek ankashehss

Parallel to Ridge or Length

Location z or h Gh Kz qz Cp External Pressure P (psf)
(ft) (pst) GCpi=0 -0.25 0.25

Windward Wall
level 4 42.0 1.23 1.07 30.2 0.80 29.7 37.3 22.2
level 3 -4 35.0 1.23 1.02 28.8 0.80 28.3 35.9 20.8
level 2 -3 21.0 1.23 0.88 24.8 0.80 24.4 32.0 16.9
level 1 - 7.0 1.23 0.80 22.6 0.80 22.2 29.8 14.7
level 1 0.0 1.23 0.80 22.6 0.80 22.2 29.8 14.7
Leeward Wall 42.0 1.23 1.07 30.2 -0.50 ~18.6 -11.0 -26.1
Side Wall 42.0 1.23 1.07 30.2 -0.70 -26.0 -18.5 -33.6
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Roof 42.0 1.23 1.07 30.2 -0.70 -26.0 ~18.5 ~33.6
Internal 42.0 1.07 30.2 0.0 -7.6 7.6

Notes for main framing:

Positive pressures act toward surfaces.
Pressure or suction = P = q*Gh*Cp and/or P = gh*Gh*Cp-gh* (GCpi)

» External wind pressure and suction vaiues are typically computed for
wind applied paraliel and perpendicular to the long dimension or ridge
of a buliding. The answers are the same in this exampie since it is a
square in plan.

F. Save the building model with its wind ioads applied for future reference.
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Given: This exampie is taken from page D-18 of TM 5-809-1 1986. itis a one-story
auditorium with a barrel vault roof. It is sited at Robbins AFB, GA, and has
an assurmed exposure category of C. It has a seating capacity of more than

300 people, which requires an importance category Il. The percentage of
openings is no more than 10%. A typical elevation follows:

WIND

>
3 —
AUDITORIUM Y
> 300 SEATS )
. e

200’ J, LENGTH = 3007
. |

h=33

10°,

i

Required: Determine the external wind pressures and suctions for all surfaces for
wind applied paraliel and perpendicular to the crown.

Solution:

An abbreviated discussion is given here since most of the steps repeat in a
similar fashion to Example 1.

A. Establish Criteria

1. Input the following data into the PROJECT, REGIONAL, and SITE pop-up
dialog windows from Criteria on the CASM menu bar.

PROJECT Project Name ‘Auditorium
City/installation ‘Robbins AFB
State ‘GA
Design Load :TM5-809-1 1986
REGIONAL Basic Wind Speed 75 mph
Coastal no (leave blank)
SITE WIND Importance :Category i
Exposure :Category C

Digtance to Coastiine :100 miles (default)

B. Draw volumetric model

1. Follow the procedure outlined in step B of Example 2 from the snow load
section, or any appropriate combination of commands from previous ex-
amples to create the basic geometry required.
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C. Develop Main Wind Force Resistance wind loads on the building.

D. Manipulate the building model and its wind loads.

E. Generate hard coples.

Wind Load: CCpi=0 (psf)

» The output includes wind pressures and suctions on all surfaces for
the cases of wind applied perpendicular and parallel to the crown.
Values for the arch are broken into windward quarter (two values),
middie half, and leeward quarter. Three columns of values are pro-
vided to account for no consideration of internal pressure (GCp = 0),
and positive and negative internal pressures considered (GCpi = -
0.25 or +0.25). The internal pressure coefficients were selected by
you. A sample output follows:

Wind Load Example 3 sample oulput:

Project : Auditorium
Location : Robbins AFB
Design Load : TM 5-809-1 1986
Time : Thu Sep 12, 1991 3:34 PM
KKK ERRRARAARRRRA AN R A AR A AR AR wind Load - 1 KRR AAAAAKAT AR AR AR AR AR AR A
Velocity Imgortance Exposure Width Length Roof Type
Factor Perpend. Parallel
to Wind to Wind
(mph) (ft) {ft)
75.0 1.07 (of 200.0 300.0
Distance to ocean line >= 100 mi. h/d = 0.18 <= 5

3-58




WIND LOADS

LOADS

RRRTRRENRRARRRRANRANAREANSE Main Framing Pressures *A#ssashnaaasdasa et annas

Parallel to Ridge or Length

Location s or h Gh Kz qsz Cp External Pressure P (psf)
(£ft) (paf) GCpi=0 -0.25 0.25
Windward Wall
level 3 60.0 1.24 1.19 19.6 0.80 19.4 23.6 15.2
level 2 - 3 35.0 1.24 1.02 16.8 0.80 16.7 20.9 12.5
level 1 - 2 $S.0 1.24 0.80 13.2 0.80 13.1 17.3 8.9
level 1 0.0 1.24 0.80 13,2 0.80 13.1 17.3 8.9
Leeward Wall 35.0 1.24 1.02 16.8 -0.40 -8.3 -4.1 ~12.5
Side Wal 35.0 1.24 1.02 16.8 -0.70 -14.6 -10.4 -18.8
Roof 35.0 1.24 1.02 16.8 -0.70 -14.6 -10.4 ~16.8
Internal 35.0 1.02 16.8 0.0 -4.2 4.2
tb 222 X332 2222222322 3232222322324 '1nd Lo.d - 2 L2222 22232222222 222222222222 22
Velocit I rtance osure width Length Roof Type
¥ "g:cto: Exp Perpend. Parallel e
to Wind to Wind
(mph) (£t) (ft)
75.0 (o 300.0 200.0 Arched

1.07
Crown: 50.0 ft
Rise-to~-Span ratio r = 0.2S 0.2 <= r < 0.3

Distance to ocean line >= 100 mi. h/d = 0.18 <= 5
RARKARRRRARRARANRREARRNAAS Main Framing Pressures A *raaakaa ekt aaa s et e st s

Pexpendicular to Ridge or Length

Location g or h Gh Kz qz Cp External Pressure P (psf)
(£t) (psf) i=0 -0.25 .25
Windward Wall
level 2 10.0 1.24 0.80 13.2 0.80 13.1 17.3 8.9
level 1 0.0 1.24 0.80 13.2 0.80 13.1 17.3 8.9
Leeward Wall 35.0 1.24 1.02 16.8 -0.50 ~10.4 -6.2 ~14.6
Side Wall 35.0 1.24 1.02 16.8 ~0.70 -14.6 -10.4 -18.8
Windward Quarter 35.0 1.24 1.02 16.8 0.08 1.6 5.8 -2.6
Windward ?unrtor * 35.0 1.24 1.02 16.8 ~0.60 -12.5 -8.3 -16.7
Middle Half 35.0 1.24 1.02 16.8 -0.95 -19.8 -15.6 -24.0
Leeward Quarter 35.0 1.24 1.02 16.8 -0.50 -10.4 -6.2 -14.6
Internal 35.0 1.02 16.8 0.0 -4.2 4.2
Note:

* Windward quarter roof pressure has 2 values per Table 5-5.
Notes for main framing:

Positive pressures act toward surfaces.
Pressure or suction = P = q*Gh*Cp and/or P = gh*Gh*Cp~gh*(GCpi)

F. Save the bullding model with its wind loads applied for future reference.
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m Components and Cladding

Given: This example uses all the building data of Example One for Main Wind-

Force Resisting Systems and continues the example on page D-1 of TM
5-809-1 1986.

SECONDARY BRACING IN PLANES OF
UPPER AND LOWER CHORDS OF TRUSSES
ARE NOT SHOWN.

OPENINGS ON REAR AND END
WALLS ARE APPROXIMATELY 107
OPENINGS ON FRONT WALL

ARE 487%.

Required: Determine the pressures and suctions on the following building compo-
nents:

a. Overhead door adjacent to building comer.

b. Typical comer wall girt.

¢. Maximum tension on a wall fastener.
Solution:

A. Establish Criteria.
1. Retrieve the saved file of main wind force resisting system (Example 1).

a. Select OPEN from the File pull-down menu on the CASM menu bar. A
pop-up dialog window will appear with a list of all saved files.

b. Scroll if necessary to find the desired filename.

¢. Use the mouse to highlight the filename and select OK to load the data
file.

2. Review the PROJECT, REGIONAL, and SITE Criteria windows fo ensure
that the desired values are present.

]
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B. Draw volumetric model.
1. The model is already compiete for this example and appears on the

screen.
2. SelectP CTIVE 3D. @
_3. Tum oft the display of main-force resisting loade with the SHOW LOADS
command. *

4. Tum on the display of openings with the SHOW STRUCTURE command.

C. Draw structural girts as shown on the given isometric drawing.
1. Select the DRAW STRUCTURE tool palette. 1
2. Develop a structural grid within which structural elements can be drawn. [IDE=
» it is necessary to establish a structural grid before structural elements 1
can be inserted. j|j
a. Select DEFINE GRID from the Grid/Opening pull-down menu. A Define

Grid dialog window will appear with default values.

N-S Spacing: |1"" "
W Spucing (]
Porimeter Offsot: [e80 i
(Ogens>> ] (K} [gonoot]
b. Set N-S SPACING to 20 feet and the E-W SPACING to 15 feet which is
the typical bay for thic example.

c. Leave the PERIMETER OFFSET at 0.0 inch to indicate that the grid
coincides with the extreme outer surface of the exterior envelope.

d. Select OK to define the grid on the building volume. The grid will appear
on the currently selected plane.

» The grid will appear on the last vertical plane upon which work was
done .

» Note: The Grid OPTIONS selection is not needed for this example
since we will use the default lettering, numbering, and bubble loca-
tions. The Reference manual explains the available options in more
detail.
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= 3. Select the end wall vertical plane which is to receive the girts.
] ] o Select VERTICAL STRUCTURAL PLANE from the View pull-down

menu. Handies will appear on the visible vertical planes.
b. Select the end wall vertical plane with the mouse.

The plane will appeer in 2-D with its openings and pertinent grids with their
dimensions.

1) () )

10 0-- T 30 0T

1
Zove Strip Vindow

'
i
i
' 16.0
)
!
'

[

4. Draw the two widely spaced horizontal girts on the end wall.

I a. Select WIDELY SPACED from the Surface/Linear puli-down menu.
. Handles appear at the midpoints of the gridiine segments and the
midpoints of the modeled plane lines.

» Note: Surface/Linear contains surface and linear structural elements
which can be piaced within horizontal, inclined, and vertical planes.

b. Select a sufficient number of handles in a clockwise order to define the
perimeter within which structure is to be drawn. The perimeter should not
include the opening. A highlighted dotted line will be drawn showing the
perimeter.

» Note: A handie represents the midpoint of a line which containg two
points on one edge of the perimeter. The perimeter is made up of these
points.

» Note: There are several ways to select the desired perimeter: (1) by

selecting handies In a clockwise order around the entire perimeter, or
(2) by selecting one handle and the mutually opposite side handle.

?,.2..9

Eave Strep Vindw_

-
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» Note: if you select an incorrect handle, double click the right mouse
key to stop adding to the perimeter and seiect CANCEL In the element
dislog box.

c. When the desired perimeter is selected, double dlick the right mouse key
to fix the perimeter. The Linear Elements dialog window appears and a
single widely spaced linear slement appears on the screen.

» Note: The spans indicated in the dialog window are caiculated from
the selecied perimeter.

1 2 3
=100 ——1—100"—

[}
1 1

] LinearElements |- - .- — s e
Oviertations @ Hotle O Vent l

O Nugher of Eloments: 2 | -k
@ Spaciny: e [n 1 ; St 1)
O Ow Qu O

ey
3

Othots: I Ve n
& sonem:
sSpom: H: (200" | v [
O prow Swiacs : R
(Reee) (Gere ] (Gme] | ; i
d. Revise daia in the dialog window to draw two girts spaced 6 feet apart
and 6 feet from grade as follows:

(1) Set ORIENTATION to HORIZ.
(2) Fix the SPACING and set to 6.0 feet.

» Note: Linear slements are placed by fixing the spacing or fixing the
number of elements. :

» Note: A checkmark In front of a variable fixes that variable.
(3) Fix the BOTTOM OFFSET and set to0 6.0 feet.
» Note: if neither Otfset is fixed, the elements are centered within the
perimeter.
(4) Tum off DRAW SURFACE.

(5) Click on RECALC to redraw the girts at the new settings. The
Number of Elements will be calculated as 2 and the Top Offset as
4.0 foet.

(6) Click on SAVE to fix the two girts.
5. Draw two girts on the long elevation without the door openings.
a. Retumn to the PERSPECTIVE (3D) view of the model.
b. Rotate the 3-D view to make the backside elevation visible.

c. Follow steps 3 and 4 abowe fo insert two horizontal girts 15 feet long and
spaced as the girts on the end elevation. Place the girts in the far right
end bay.
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D. Deveiop Components and Cladding wind loads on the 15-foot-long girt.
1. Switch to a PERSPECTIVE (3D) view of the model.
» Note: it is necessary to be in the 3-D mode to caiculate components
and cladding wind loads.
2. Select the LOADS AND DESIGN tool palette.

3. Select WIND from the Loads pull-down menu. A Wind Loads pop-up dia-
log window will appear.
a. Verify the wind load criteria.
b. Tum on COMPONENTS AND CLADDING.
c. Revise QUTPUT FILE name as: GIRT.TXT.
d. Click on OK to begin calculation of the "a" edge distances. A dialog
window will appear to keep you informed of the progress. When finished,

the 3-D model will display the "a" distances by dashed red lines. Handles
will appear on the visible surfaces.

E E D c B A
1 —— i e i = A
A — - — - —_ a4
= : 1z2,8 3
\ \ \ i ' l I
e = s AN
1 | | ! | N
/ ) 1/ ] i \i 1\-0'0 —\\

4. Select one of the handles on the plane which contains the two 15-foot-
long girts. A 2-D elevation of the plane and a Tributary Area dialog window

will appear.
5. Create the tributary area for the upper girt.

a. Mowe the mouse pointer to a distance from the lower left comner of
9.0 feet vertically and 75.0 feet horizontally.

b. Click the left mouse key to fix the lower right comer of the tributary area.

¢. Move the mouse pointer to dynamically expand the rectangle to 15 feet
horizontally and 6 feet vertically.

d. Click the left mouse key to fix the tributary area. A Wind Components and
Cladding dialog window will appear.

:\‘/iml Campoenents & Cladding
(O Add Gpposite Side of Roof

Name: [Uppes Git B

e. Enter the name "Upper Girt", tum OFF ADD OPPOSITE SIDE OF
ROOF, and click on OK. A blue hatched rectangle will denote the

tributary area.
» Note: Selection of CANCEL will not add the tributary area.
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6. Double click the right mouse key to end creation of tributary areas. Wind

load calculations are now performed for the component. A 3-D view of the
wind load on the girt will appear when calculations are completed.

» Note: The wind direction is set perpendicular to the plane that con-
tains the component and is pointed to create a windward load.

E. Develop Components and Cladding wind loads for one fastener on the end
elevation with the two girts.

1. Select WIND from the Loads pull-down menu.

2. Verity the information shown in the Wind Loads dialog window and
change the OUTPUT FILE name to: FASTENER.TXT.

3. Ciick on OK when satisfied and "a" distance calculations begin. When
compieted, the "a” distances and handles will appear on the 3-D model.

4. Select one of the end elevation handies and a 2-D elevation wil appear
as will a Tributary Area dialog window.

5. Place a fastener tributary area with dimensions of 8 inches (0.67 foot) hori-
zontally and 6 feet vertically with its lower left comer a distance of 4
inches (0.33 foot) from the ieft edge of the elevation and 3 feet up from
grade.

» Note: The actual tributary length is 8 inches, yet the prescribed
minimum jength is 2 feet for tributary area caiculations on fasteners.

6. Select CANCEL from the Wind Components and Cladding dialog window
to not add this incorrect tributary area. The drawn tributary area will be
erased from the model.
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7. Redo step 5 for a tributary area with dimensions 2 feet horizontally and 6
feet vertically using the same lower left comer location.

8. Name the component: FASTENER in the Wind Components and Clad-
ding dialog window and select OK to add this desired tributary area. The
area will become hatched on the 2-D elevation.

9. Double diick the right mouse key to stop adding tributary areas. Wind load
calculations are now performed for the component. A 3-D view of the wind
load for the fastener will appear when calculations are completed.

» Note: The graphical depiction of the wind load on the girt is no longer
shown since for this wind direction the girt is on a side wall. Side wall
pressures and suctions are not included in code requirements for
consideration of wind on components and cladding.

F. Develop Components and Cladding wind loads for the door adjacent to
the end elevation with the two girts.

1. Rotate the model to reveal the long elevation with the overhead doors.

» Note: The doors on that elevation will not appear on the 3-D model
since it was not the last structural plane selected. The openings will
appear when the component and cladding plane is selected.

2. Select WIND from the Loads pull-down menu.

3. Verify the information in the Wind Loads dialog window and change the
OUTPUT FILE name to: DOOR.TXT.

4. Click on OK when satisfied and "a" distance calculations begin. When
completed, the "a" distances and handles will appear on the 3-D ma"y.

5. Select the elevation handle and a 2-D elevation will appear as wili a Tribu-
tary Area dialog window.

6. Place a door iributary area with dimensions of 10 feet horizontally and
10 feet vertically with its lower left corner a distance of 2.5 feet from the
left edge of the elevation and 0.0 foot vertically (at grade).

7. Name the component: DOOR in the Wind Components and Cladding dia-
log window and select OK to add this desired tributary area. The area will
become hatched on the 2-D elevation.

8. Double click the right mouse key to stop adding tributary areas. Wind load
calculations are now performed for the component. A 3-D view of the wind
load for the door will appear when calculations are completed.

» Note: Because of the new wind direction, the girt’s tributary area wind
suction is displayed on the leeward elevation . The fastener’s tributary
area wind load is not displayed since it is now on a side wall which is
parallel to the wind direction.

G. This completes drawing and calculation for component and cladding wind
loads on all three components.

H. Manipulation of the building model and all of its wind loads.

1. Take a section cut to view the girt and door components and cladding
wind values.
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» Note: Presently, only vertical section cuts can be taken.
a. Select various cursor positions to view wind magnitudes inside and
outside of the "a” distance.
b. Retum fo the 3-D model and rotate the model 180 degrees.

c. Take another section cut to view the wind magnitudes on the girt and
door, when the wind comes from the opposite direction.

Vind load Components & Cladding (psf)

_>

g

2. Repeat step 1 for the fastener wind loads.
3. View the code-prescribed zonal areas for components and cladding.
a. Retum to a 3-D view of the model.

b. Select SHOW LOADS from the Viewpoint Options pull-down menu. A
Show Loads dialog window will appear.

c. Tum on ZONE AREAS.
d. Click on OK and the zone areas with their circled number will appear on
the 3-D model. Red dashed lines separate the zone areas.

» Note: The numbers shown on the model and used in the output
caiculations correspond to the specific zones established in TM 5-

22 1

4. To rotate, pan, zoom, change from wireframe to solids, and perform other
operations with the 3-D model; follow steps D-1 through D-4 of Example 1
in the snow loads section.

. Generate hard copies.
J. Save the bulkding mode! with its wind loads applied for future use.

||
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L TXT N

Project t Industrial Building
Location t+ Buntsville

Desigr Load : TM 5-809-1 1986

Time : Thu Sep 12, 1991 4:13 PM

ANRARARARARRRRNRRRRRARRRNARANANE Wind Load ANARANAARARARNANARRNRNRNANRIARAR

Velocity Ingottnnco Exposure Width Length Roof Type
Perpend. Parallel
ind to Wind
(mph) (ft) (ft)
70.0 1.00 [+ 15 20.0
Distance to ocean line >= 100 mi. h/d = 1,05 <= 5
Height Kh h Gecpi
g (gsf)
21.0 0.88 11.0 -0.25 0.75

Height <= 60 ft

REkRRRARARARRRRARNE Component/Cladding Pressures (psf) **asxaxsxankndnvdnsas

Walls

Windward Leeward
Tributa Zone 4 Zone 5 Zone 4 Zone 5
Area (sf middles corners middles corners

P P G P
Internal -2.8 -2.8 8.3 8.3
Upgoz Girt

0.0 1.%2 15.7 1.18 15.7 -1.28 =22.3 -1.49 -24.6
as= 3,

Notoa !oﬁ(com?ononts and cladding:
Intognll rcasutos ave been included in above values.
* for roof overhangs: algebraicall add this pressure

to the above values. - qh(GCp¥

FASTENER.TXT Output File:

Project : Industrial Building
Location ¢ Huntsville

Design Load : TM 5-809-1 198

Time s Thu Sep 12, 1991 4:22 PM

HEARRARARARAIFRA RN ARARARAAAAANY Wind Load **XXAXAARIAAAAARARR AR NN NN AR RN

Velocity Imgo:tanco Exposure Width Length Roof Type
actor Pe nd. Parallel
ind to Wind
(mph) (ft) (£L)
70.0 1.00 C 20.0 75.0
Distance to ocean line >= 100 mi. h/d = 1,05 <= §
Height Kh gh GCpi
(tg) (pst)
21.0 0.88 11.0 -0.25 0.75

Height <= 60 ft
RAKRRARARRNKARARANE Component/Cladding Pressures (psf) *warsassaanakstrtns

Walls

Windward Leeward
Tributar: Zone 4 Zone 5 Zone 4 Zone 5
Area (sf middles corners middles corners
GCp P GCp P
Internal -2.8 -2.8 8.3 8.3
Fastener
12.0 1.38 17.9 1.38 17.9 ~-1.48 -~24.5 -1.96 -29.8
a=3,0ft
Notos for com?ononts and cladding:
= gh (GCp) ~qh (GCp

Intornal ressures havo been included in above values.

* for roof overhangs: algobraicall add this pressure
to the above values. qh (G ¥

To comply with TM 5-809-1, vall exto:nal proasuros

have not been roducod 10% per ANSI figure 3, note 3.
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DOOR. TXT Qutout File:

Project 1 Industrial Building
Location t Huntaville
Dosign Load : TM 35-809~-1 198

Tiwme t Thu Sep 12, 1991 4:26 PM
(2222222223222 33 2222222232220 24 "J‘d LOﬂd I 22222233223 2222222 222222222222 23
Velocit Imgoxtnnco Exposure Width Length Roof °
Y actor Perpend. Parallel yp
ind to Wind
(mph) (ft) (ft)
70.0 1.00 [o] 75.0 20.0
Distance to ocean line >= 100 mi. h/d = 1.05 <= 5
Height Kh qh GCpl
(fg) (psf)
21.0 0.88 11.0 ~0.25 0.75

Height <= 60 ft

AXRRRRRRARNRNRARASX Component/Cladding Pressures (puf) **Axarasasdsasastnss

Walls
Windward Leeward
- Tributa Zone 4 Zone S Zone 4 Zone S
Area (sf middles corners middles corners
GCp P P P GCp P
Internal -2.8 ~2.8 8.3 8.3
Doorx
100.0 1.16 15.8 1.16 15.5 -1.26 -=-22.1 -1.47 -24.4
a= 3.0 f¢t

Notoa for cou?ononts and cladding:
- qh( —qh(
Into:nnl ressures havo besn included in above values.
* for roof overhangs: algebraicall add this pressure
to the above values. - qh(GCp¥ 8qh
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® Unenclosed Buildings

Given: This one-story open-sided structure example is taken from page D-20 of
T™ 5-809-1 1986. It is an open storage facility located at Hickman AFB,
Honolulu, HIl. The wind exposure category is D, and the importance
category is |. An elevation and section are shown below:

X
1 6" THICK ROGF
F PLANE
WIND /X

o=15°

-

OPEN

2=17.6"

L=20'

Required: Determine the design roof wind force, F.
Solution:
An abbreviated discussion of input is given here since many of the steps

repeat in a similar fashion to Example 1 in the Main Wind Force Resisting
System section.

A. Establish Criteria
1. Input the following data into the PROJECT, REGIONAL, and SITE CRITE-

RIA dialog windows:
PROJECT Project Name : Open Storage
City/Installation : Hickman AFB
State : HI
Design Load : TM 5-809-1 1986
REGIONAL Basic Wind Speed : 80 mph
Coastal : no (leave blank)
SITE WIND Importance : Category |
Exposure : Category D

Distance to Oceanline : 100 miles (default)
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B. Draw volumetric model

» Note: The drawing of open structures invoives the use of planes and
columns rather than the cube and prism shapes used to create solid
(enclosed) buildings.

1. Select the DRAW MODEL tool palette.

» Note: There are many ways to construct this open structure; however,
it is recommended to begin with the plane and add the columns as a
second step.

2. Establish general layout requirements which are different than previously
established

a. Use the following:
DEFINE UNITS(snap increment): 6 inches

SNAP TO UNITS ron
SHOW GROUND PLANE :on
GROUND PLANE
WIDTH N-S  :100 feet
E-W :100 feet
SPACING N-S :20feet
E-W :20feet
INITIAL SHAPE SIZE
N-S WIDTH : 20 foet
E-WWIDTH : 40 foet
HEIGHT : 25 foot
PLANE THICKNESS :6inches
COLUMN WIDTH : 6 inches
ORIENTATION :E-W
STACK ON GROUND PLANE :on
DIRECTIONS LOCKED : none

» Note: The Initial Object Size Plane Thickness becomes the horizontal
plane thickness and the E-W Width becomes the length of the roof.
The Initial Object Size Height for the column is arbitrary, but it must
be high enough to extend the columns through the horizontal (roof)
plane.

3. Select HORIZONTAL PLANE from the Shapes pull-down menu. A horizon-
tal plane will appear on the ground plane. A Dimensions dialog window
will also appear.
a. Hold down the right mouse key while dragging the mouse toward and
away from you to elevate the plane a TRANSLATED DISTANCE verti-

cally of 14.5 feet. Keep the N-S and E-W Translated Distances at 0.0
foot.

» Note: The N-S and E-W directions could have been locked under the
Layout discussion to prevent the plane from translating in these two
directions while elevating the plane.

» Note: The 14.5-foot vertical dimension is to the underside of the plane.

3-M1
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b. Click the left mouse key to fix the plane.
c. Double click the right mouse key to stop adding planes.
4. Rotate the plane 15 degrees.

a. Select ROTATE SHAPE from the Edit pull-down menu. Handles appear
at the centroid of all visible planes on the object.

b. Select one of the handles with the mouse pointer. The shape becomes
highlighted and handles appear on the edges and on the centroidal axes
of the shape about which the desired rotation can be selected.

Oops! Handles on the top and bottom edges overlap due to the view being
quite distant.

—— T T~ Each dot represents a

¢. Double click the right mouse key to cancel the Rotate command.

d. Zoom the plane toward you with by selection of the HEIGHT and
DISTANCE tools. Strive for an approximate height of 30 feet and a
distance of 70 feet at a view direction of 40 degrees.

Note: The view heinht, distance, and direction values can be typed in.

Note: Slowly zoom and rotate incrementally when using the single-
screen option of CASM due to the slow graphic response of the VGA
system.

e. Select ROTATE SHAPE and one of the handles on the plane again. The
shape becomes highlighted, arid this time all the handles are visible.

f. Select the upper handle of the left side long dimension of the plane with
the mouse pointer. All the handles will disappear, and a Rotate dialog
window will appear.

g- Mowve the mouse left-right to rotate the plane about the selected edge.
Rotate the plane counterclockwise to a -15.0 degree angle.

h. Click the left mouse key to fix the position of the plane. Handles will again
appear for additional rotation operations.
i. Double click the right mouse key to exit the rotation command.
j- Adjust the view back in space to see the whole plane.
5. Insert a temporary cube to create the roof plane projected width of 20 feet.
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a. Select CUBE from the Shapes pull-down menu. The shape appears on
the screen at its initial Shape Size previously set in Layout.

b. Do not Transiate the object. Translated Distance values in the Dimen-
sions dialog window should remain at 0.0 foot.

c. Ciick the left mouse key to fix the cube.

» Note: The cube will seem to disappear because the next shape falls
directly on top of it.
d. Double dlick the right mouse key to exit the command. The cube will
reappear.
6. Increase the width of the roof plane to facilitate slicing with the cube.
a. Select DRAG PLANE from the Edit pull-down menu. Handles will appear
on the visible planes to drag.
» Note: Each Plane shape is composed of six planes, four of which are
its edges and two of which are surfaces.

b. Use the mouse pointer to select the handie which comesponds to the

edge plane of the roof plane. The plane will be highlighted and the
Dimensions dialog window will appear.

c. Mowve the mouse toward and away from you to Drag the plane beyond
the extremity of the cube.

d. Click the left mouse key to fix the plane’s position.
e. Double click the right mouse key to exit the command.

f. Rotate the view of the model to make the opposite side of the roof visible
by use of the View Direction tool.

g. Redo steps a through e to extend the roof piane beyond the extremity of
the cube.

q N
N
___.-\+‘

7. Slice the roof plane to the 20 foot-projected width.

a. Select SLICE SHAPE from the Edit pull-down menu. Handles will appear
on the visible planes of each shape.

b. Select the shape to be sliced. Use the mousse pointer to select one of the
roof plane handles. The shape will become highlighted.

¢. Select the plane to do the slicing. Use the mouse pointer to select the
long vertical plane on the cube. The selected plane is highlighted and

.ﬂ.
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the shape is sliced into two parts. New handles appear for another object
fo be sliced.

d. Double click the right mouse key to exit the Slice command.

e. Rotate the model to view the opposite side of the roof plane by use of
the View Direction tool.

f. Redo steps a through d to slice the roof plane on this side.
8. Delete the unwanted parts of the sliced roof plane.

a. Select DELETE SHAPE from the Edit pull-down menu. Handles will
appear on the visible planes of the shapes and the sliced parts.

b. Use the mouse pointer to select one of the handles on one of the
unwanted sliced parts. The part will be deleted.

c. Select the other unwanted sliced part of the roof plane.

d. Select a handle on the cube since it is no longer needed.

e. Double click the right mouse key to exit the Delete command.

9. Insert the first column in the geometric model.

Note: The columns are not required for the wind analysis of an open
structure in the CASM program. They are drawn here for graphical
completeness and to illustrate the required column modeling com-
mands.

a. Insert the column shape.

(1) Select COLUMN from the Shapes pull-down menu. A column ap-

pears on the ground plane to the proportions set in layout, and a
Dimensions dialog window will appear.

(2) Position the first column somewhere in the southwest comer of
the roof plane.
(3) Click the left mouse key to insert the column.
(4) Double dlick the right mouse key to exit the Column command.
b. Select the vertices between which measurements are to be taken to
locate the position of the column.
Note: You may wish to zoom in closer to the plane and column.

(1) Select TAPE MEASURE from the Edit pull-down menu to accu-
rately locate the column with respect to the roof\pl_ai\e
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(2) Select a sovliwest comer vertex of the roof plane with the
mouse pointer. A red dot will appeer to highlight the vertex.

» Note: The vertex selected is the one closest to the point of the mouse
pointer or the center of the cross hairs.

(3) Select the southwest comer vertex of the column (top or bottom)
by clicking the left mouse key when satisfied. The selected vertex
is highlighted, a dotted red line will connect the two selected verti-
ces, and a Measure dialog window will appear. The values
therein represent the relationship between the two vertices.

» Note: There are four vertices at each end of the column, not just one.

» Note: Switch to the 2-D Pian view and Zoom window to verify that the
correct column veriex has been selected and then switch back to the
3-D view.

c SdodDEFINEgNES_mwmeSNAPINCREMENTtoSMes
d. Mowe the column to its comrect location.
(1) Select MOVE SHAPE from the Edit pull-down menu and handles
will appear on the visible planes of the shapes.
(2) Use the mouse pointer o select a handle on the column. The col-
umn will be highlighted.
(3) Move the mouse to drag the column to a position N-S of 2.5 feet
and E-Wof 2.5 feet.

» Note: Watch the dynamic change in values within the Measure dialog
window, rather than be fooled by the position of the column in the

perspective view.
(4) Click the left mouse key to fix the column location.
(5) Double dlick the right mouse key to exit the Move Shape com-
mand.

e. Select CANCEL from the Measure dialog window to stop measuring
between the two vertices.

10. Duplicate the first inserted column at the northwest comer of the roof.

a. Select DUPLICATE SHAPE from the Edit pull-down menu. A Duplicate
Shape dialog window will appear.
b. Enter the following data:

N-S DIRECTION 1

E-W DIRECTION :0
VERTICAL :0

N-S SPACE 1 14.0 feet
E-WSPACE : 0.0 feet

VERTICAL SPACE 1 0.0 feet

» Note: The Space values represent clear distances, not centerline
distances.

IFih

=9

=i
b
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c. Click on OK and handles will appear on the visible surfaces of the
shapes.

d. Select one handle on the column. The shape will be duplicated one time
14 feet away. -

e. Double click the right mouse key to exit the Duplicate Shape command.
m 11. Slice the two columns with the bottom surface of the roof piane.
0 a. Rotate the view of the model to a worm’s eye perspective looking up at

~x’ the underside of the roof plane.
50 » Note: it is possible to verify the wireframe view by switching to the
" solid view.
124 b. Select SLICE SHAPE from the Edit pull-down menu. Handles will appear

on the visible surfaces of the shapes.

¢. Select the column shape to be sliced with the mouse pointer. The column
will be highlighted.

d. Select the bottom surface of the roof plane to slice the column with the
mouse pointer. The plane is highlighted and the column is sliced into two

e. Select the other column to be sliced. it wilt be highlighted.

f. Select the bottom surface of the roof plane. The piane wiil be highlighted
and the column will be sliced into two parts.

g. Double click the right mouse key to exit the Slice Shape command.

™ 12, mwtoremwmemUnwmwupperpamow\eMo
(a1 MY 13. Duplieate the remaining six columns.
Y a. Select DUPLICATE SHAPE from the Edit pull-down menu. A Duplicate
dialog window will appear.
b. Enter the following data:

N-S DIRECTION :0

E-W DIRECTION :3

VERTICAL :0

N-S SPACE : 0.0 feet

E-WSPACE : 11.0 feet

VERTICAL SPACE : 0.0 feet
c. Click on OK and handles will appear on the visible surfaces of the
shapes.
d. Select a handle on one of the columns. The shape will be duplicated
three times and spaced 11 feet apart.

e. Select the handie on the other column and it will be duplicated three
times and spaced 11 feet apart.
f. Double click the right mouse key to exit the Duplicate Shape command.

14. This completes creation of the model.
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C. Develop the open structure wind forces on the shed roof.
1. Select the LOADS AND DESIGN tool palette.

» Note: A 3-D view must appear on the screen to be able to caliculate
open roof wind loads.

» Note: You must position the 3-D view of the model to see the top
surface of the roof in order to activate the wind load caicuiations.

2. Select WIND from the Loads pull-down menu. A Wind Loads dialog win-
dow will appeer.

3. Verify values in the Wind Loads dialog window and tum on OPEN ROOF.
Modify any values as desired.

4. Click on OK for CASM to begin finding the Open Roof planes. Handles
will appear on the open planes found.

5. Use the mouse pointer to select the roof plane to receive wind loads.

Wind calculations are then performed on the open plane. A 3-D depiction
of the wind load will appear on the model when calculations are com-

pleted.
- ﬁ
—_—— /l 1 \X
A N

D. Manipuliate the building model and its wind loads.

Vind Loed: Open Roof (pef)

90 §>
2173k

gV -

™,

IR

[ERYTEES
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Vind Load: Open Roof (pst) 21k

E. Generate hard coples.

Buil 1
Project H en Storage
Location : Hickman
Design Load : TM 5-809-1 1986
Time : Fri Sep 13, 1991 9:16 AM

ARRAKRRRRARARNRRRRNRANNNANARNANS Wind Load XA AR AR ANARARRARAANAANRRANRR R AR

Velocit I rtance Exposure Width Length Roof Type
y g actor Perpend. Parallel
ind to Wind
(mph) (ft) (£t)
80.0 1.00 D 40.0 20.0 Flnt/Honoalopo
3.22 in 12

Distance to ocean line >= 100 mi.

RARRARRKRARARRRANAAAAAAA* Opon ROOE Prossures (PSf) A Axtdhstaktthaaanrdassan

g =h=17,68 ft

Gh = 1.15

Kz = 1.24

gz = 0.00256*Kz* (I*V)*(I*V) = 20.30 psf
f - [L/ggs(thota))* = 828.2 sqft

cf = 1. 10
X/L = 0.
theta+l0 dog = 25.0 deg
Pressure on top of roof Pressure on bottom of roof
X 8.00 ft from low eave 8.00 ft from high eave
F = qe*Gh*CL*Af 21.30 k -21.30 k
Pl (leeward edge) [Z*P*cos(thota)/(n*b)]* 3*X/L-1] = 10.30 pst
P2 (windward edge) = [2*F*cos(theta)/(B*L)]*[2-3*X/L] = 41.10 psf

Notes for open roof pressures:
Positive pressures act toward surfaces.

F. Save the building model with its wind loads applied for future reference.

3-78




Given: The one story open-gabled roof carport shown below. I is located at the
Chanute AFB in Rantoul, IL. The importance category is | and the exposure

12 RIGID METAL FRAMES
3—
8’
B . - - N ~ .

cafegory is C.

I 20’ I 4 017 = 68

Required: Determine the design wind pressures on the roof.
Solution:

The minimum recommended exterior force coefficients for such an open
gabled roof are exiracted from NAVFAC DM 2.2, STRUCTURAL ENGINEER-
ING LOADS, DESIGN MANUAL 2.2, NOVEMBER 1981, and referenced in
T™ 5-809-1 1986 on page 5-12. These recommended coefficients are not
included in ANSI A58.1-1982.

A. Establish Criteria.

1. Input the following data into the PROJECT, REGIONAL, and SITE Crite-
ria dialog windows:

PROJECT: Project Name : Carport
City/installation : Chanute AFB - Rantoul
State L
Design Load : TM 5-809-1 1986
REGIONAL: Basic Wind Speed : 70 mph
Coastal :No
SITE WIND: Importance : Category |
Exposure : Category C

Distance to Oceantine : 100 mile

Draw volumetric model
1. Select the DRAW MODEL tool palette.

2. Establish general layout requirements which are different than previously
established

a. Use the following:
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DEFINE UNITS(snap increment) : 3inches
SNAP TOUNITS 1on
SHOW GROUND PLANE :on
GROUND PLANE
WIDTH N-S : 100 foet
E-W : 100 feet
SPACING N-S : 20 foet
E-W : 20 foet
INITIAL SHAPE SIZE
N-S WIDTH : 10 fost
E-WWIDTH : 68 foet
HEIGHT : 20 fest
PLANE THICKNESS : 8 inches
COLUMN WIDTH : 6 inches
ORIENTATION :E-W
STACK ON GROUND PLANE ton
DIRECTIONS LOCKED : none
= 3. Select HORIZONTAL PLANE from the Shapes pull-down menu. A horizon-
: tal plane will appear on the ground plane. A Dimensions dialog window

»

»

»

will also appear.

a. Hold down the right mouse key while dragging the mouse toward and
away from you to elevate the plane a TRANSLATED DISTANCE verti-
cally of 7.5 feet, N-S distance of -5.0 feet, and an E-W distance of 0.0
feet.

Note: The vertical dimension is to the underside of the piane.

b. Click the left mouse key to fix the plane. A second plane will appear on
the ground plane ready for positioning next to the first plane.

c. Hold down the right mouse key while dragging the mouse toward and
away from you to elevate the second plane a TRANSLATED DISTANCE
vertically of 7.5 feet, N-S distance of 5.0 feet, and an E-W distance of
0.0 foot.

d. Click the left mouse key to fix the plane.

e. Double click the right mouse key to stop adding pianes.

4. Drag the common edges of the two planes to create the ridge for the roof
with a siope of 3 in 12.

Note: it is necessary to drag the top and bottom edge of each plane;
thus, four edges will be elevated to create the ridge of the roof.

a. LOCK the N-S and E-W directions.
b. Hide the plane closest to you.
Note: This enables viewing one plane’s edges at a time.

(1) Select HIDE SHAPES from the View pull-down menu located in
the Viewpoint window. Handles will appear on the visible planes

of each shape.
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(2) Select one of the handies on the shape closest to you and the
shape will be hidden. Handles will appeer on the remaining
shapes to permit more shapes to be hidden.

(3) Double click on the right mouse key to exit the Hide Shapes com-
mend.

C. Activate the Tape measure command.

1. Select TAPE MEASURE from the Edit pull-down menu.

2. Use the mouse pointer to select the iwo top vertices along the short edge
of the plane. Red dots will appear at the two vertices and a Measure dia-
log window wilt aiso appeer.

D. Drag the two common edges of the horizontal plane.

1. Zoom in on the view of the plane to space the edges tarther apart so each
edge handle will be visible.

2. Select DRAG EDGE from the Edit puli-down menu. Handles appear on
the visible edges to drag.

» Note: if both the top and bottom edge handies do not appear, it will be
necessary to cancel the command and repeat step 1 to further sepa-
rate the edges.

. Select the top edge with the mouse pointer. The edge will be highlighted.
4. Hold down the right mouse key while dragging the mouse toward and
away from you to elevate the edge to a roof slope of 3 in 12. The slope is
dynamically adjusted in the Measure window as the mouse is moved. The
transiated vertical distance is shown in the Dimensions and Measure win-
dows as 2.5 feet.

5. Click the left mouse button to fix the edge.
6. Select the bottom edge of the plane and drag it to a translated vertical dis-
tance of 2.5 feet as dispiayed in the Dimensions window.

» Note: None of the values in the Measure window will change, since
they apply to the aiready elevated edge.
7. Click the left mouse key to fix the bottom edge.
. Double click the right mouse key to exit the Drag Edge command.

9. Select CANCEL on the Measure window to stop measuring between the
two vertices.

10. Select SHOW SHAPES from the View pull-down menu to have the hid-
den objects reappeer.

11. Rotate the view of the model so the plane containing the remaining ridge
edges is visible.

12. Use the DRAG EDGE command fo elevate these edges 2.5 feet vertically
(a slope of 3 in 12).
13. UNLOCK the N-S and E-W directions.
E. Insert the first column in the geometric model.

w

o

&
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»

»

»
»

»

Note: The columns are nct required for the wind analysis of an open
structure in the CASM program. They are drawn here for graphical
completeness and to illustrate the required column modeling com-
mands.

1. Insert the first column shape.
You may wish to rotate the view 80 you are looking north.

a. Select COLUMN from the Shapes pull-down menu. A column appears
on the ground plane to the proportions set in layout, and a Dimensions
dialog window wiit appear.

b. Position the first column somewhere in the southwest comer of the gable
roof.

c. Click the left mouse key to insert the column.

d. Double click the right mouse key to exit the Column command.

2. Select the vertices between which measurements are to be taken to lo-
cate the position of the column.

a. Select TAPE MEASURE from the Edit pull-down menu to accurately
locate the column with respect to the roof plane.

b. Select a southwest comer vertex of the roof plane with the mouse
pointer. A red dot will appear to highlight the vertex.

Note: The vertex selected is the one closest to tha point of the mouse
pointer or the center of the cross hairs.

c. Select the southwest comer vertex of the column by dlicking the left
mouse key when satisfied. The selected vertex is highlighted, a dotted
red line will connect the two selected vertices, and a Measure dialog
window will appear. The values therein represent the relationship be-
tween the two vertices.

Note: There are four vertices at each end of the column, not just one.

Note: Switch to the 2-D plan view to verify that the correct column
vertex has been selected, and then switch back to the 3-D view.

3. Move the column to its comrect location.

a. Select MOVE SHAPE from the Edit pull-down menu and handles will
appear on the visible planes of the shapes.

b. Use the mouse pointer to select a handle on the column. The column will
be highlighted.

c. Move the mouse to drag the column to a position N-S of 0.0 foot and
E-Wof 0.0 foot.

Note: Watch the dynamic change in values within the Measure dialog
window, rather than be fooled by the position of the column in the

perspective view.

d. Click the left mouse key to fix the column location.
e. Double click the right mouse key to exit the Move Shape command.
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4. Select CANCEL from the Measure dislog window 1o stop measuring be-
ween the two vertices.

5. Duplicate the first inserted column at the northwest comer of the root.
a. Select DUPLICATE SHAPE from the Edit pull-down menu. A Duplicate

Shupe dialog window will appear.
b. Enter the following data:
N-S DIRECTION 1
E-W DIRECTION 10
VERTICAL 10
N-S SPACE : 19.0 feet
E-W SPACE : 0.0 feet

VERTICAL SPACE : 0.0 feet

Note: The Space values represent clear distances, not centerline
distances.
c. Click on OK and handies will appear on the visible surfaces of the
shapes.
d. Select one handle on the column. The shape will be dupiicated one time
19 foet away.

e. Double click the right mouse key to exit the Duplicate Shape command.
6. Slice the two columns with the bottom surfaces of the roof planes.
a. Rotate the view of the model to a worm’s eye perspective looking up at
the underside of both roof planes.

» Note: it is possibie to verify the wireframe view by switching to the
solid view.

b. Select SLICE SHAPE from the Edit puil-down menu. Handles will appear
on the visible surfaces of the shapes.

c. Select the column shape to be sliced with the mouse pointer. The column
will be highlighted.

d. Select the bottom surface of the roof plane that intersects the column to
slice the column with the mouse pointer. The piane is highlighted and the
column is sliced into two parts.

e. Select the other column to be sliced. It will be highlighted.

f. Select the bottom surface of the other roof plane. The plane will be
highlighted, and the column will be sliced into two parts.

g. Double click the right mouse key to exit the Slice Shape command.
7. Use DELETE SHAPE to remove the two unwanted upper parts of the two
columns.
8. Dupiicate the remaining eight columns.
a. Select DUPLICATE SHAPES from the Edit pull-down menu. A Duplicate
Shapes dialog window will appear.
b. Enter the following data:

T

48
L2

;"i’h‘r“
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. N-S DIRECTION
E-W DIRECTION
VERTICAL
N-S SPACE
E-W SPACE
VERTICAL SPACE

:0

14

:0

: 0.0 feet

: 16.375 feet
: 0.0 feet

¢. Click on OK and handles will appear on the visible surfaces of the

shapes.

d. Select a handie on one of the columns. The shape will be duplicated four
times and spaced 16.375 feet apart.

8. Select the handle on the other column and it will be duplicated four times,

spaced 16.375 feet apart.

f.  Double click the right mouse key to exit the Duplicate Shapes command.
9. This completes creation of the model.

F. Develop the open structure wind forces on the gable roof.
1. Select the LOADS AND DESIGN tool palette.

» Note: A 3-D view must appear on the screen to be able to calculate

open roof wind loads.

2. SelecthNDfromﬂleLoadsM-doWn menu. A Wind Loads dialog win-

dow will appear.

3. Verily values in the Wind Loads dialog window and tum on OPEN ROOF.

Modify any values as desired.

4. Click on OK for CASM to begin finding the Open Roof planes. Handles
will appear on the open planes found.

5. Use the mouse pointer to select one of the gable roof planes to receive
wind loads. Wind calculations are then performed on both open gable
planes. A 3-D depiction of the wind load will appear on the model when

calcuiations are completed.

G. Manipulate the building model and its wind loads.
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H. Generate hard coples.

Vind load: Open Roof (psf)

S _ 6k
7 9
90
576k

Example 2 ] -

Project 1 Carport

Location 1 Chanute AFB -~ Rantoul
Design Load : TM 5-809-~1 1986

Time t Fri Sep 13, 1991 9:46 AM

KRRRRRIRARRNRAANRRRAANARANARRANE Wind Load *ArArrkAkdkhrkAhrAhhthdhhhdkdhdr

Velocit Imgortanco Exposure Width Length Roof Type
Y actor *P Perpend. Parallel e
ind to Wind
(mph) (fe) (£L)
70.0 1.00 C 68.0 10.0

Gable
WW : 3.00 in 12
Distance to ocean line >= 100 mi. Lee: 3.00 in 12
***t*t*t*****t*ti******* Open ROOf Pressures (psf) AXAXARARAAXAXARARKRARRAR

z = h= 9,25 ft

Gh = 1.32

Kz = 0.80

g: = 0.00256*Ke* (I*V)*(I*V) = 10,00 psf
f = [L/cos(thotn)]*a = 700.8 sqft

theta = 14.0 deg < 30 deg

Cf = 0.6

F = qz*Gh*CL*Af .

| Windward F = 5.55k |

| Leeward F = -5.55k |

X = 0.5%L = 5.00 ft ]

w = F/AL .

E Windward w =  7.92 psf E

I Leeward w = ~7.92 psf i

Notes for open roof pressures:
Positive pressures act toward surfaces.

I. Save the building mode! with its wind loads appiied for tuture reference.
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Given: The one-story open arched roof carport shown below. Al criteria are the

same as Example 2.
RIGID METAL FRAMES
e,
Sl_ﬁ
&
i i i i A i [
|
I 20’ I 4017 = &8 !

Required: Determine the design wind pressures on the roof. ‘
Solution: The source for exterior force coefficients is the same as Example 2. |

A. Establish Criteria.
1. Input the following data into the PROJECT, REGIONAL, and SITE Crite- }

ria dialog windows:

PROJECT: Project Name : Carport
City/Instaliation : Chanute AFB - Rantoul
State i
Design Load : TM 5-809-1 1986

REGIONAL: Basic Wind Speed : 70 mph
Coastal :No

SITE WIND: Importance : Category |
Exposure : Category C

Distance to Oceantine : 100 mile
B. Draw volumetric model.
1. Select the DRAW MODEL tool palette.
2. Establish general layout requirements which are different than previously

established.
a. Use the following:
SNAP INCREMENT : 3 inches
SNAP TO UNITS zon
SHOW GROUND PLANE 1on
GROUND PLANE
WIDTH N-S :100 feet
E-W  :100 feet
SPACING N-S  :20 feet
E-W :20 feet
INITIAL SHAPE SIZE
N-S WIDTH : 20 feet
E-W WIDTH : 68 feet
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HEIGHT ' : 5 foot
PLANE THICKNESS :6inches
COLUMN WIDTH : 8 inches
ORIENTATION E-W
STACK ON GROUND PLANE :on
DIRECTIONS LOCKED 1 none

» Note: Height refers to the crown height of the arch for this example.

3. Select OPEN BARREL VAULT from the Shapes pull-down menu. An open
barrel vauit will appear on the ground plane, and a Dimensions dialog win-
dow will also appear.

a. Hold down the right mouse key while dragging the mouse toward and
away from you to elevate the vault a TRANSLATED DISTANCE verti-
cally of 8.0 feet.

b. Click the left mouse key to fix the shape at that location. Another open
basrel vault will appear on the ground plane ready for positioning. -

c. Double click the right mouse key to exit the open barrel vault command.

4. Insert the first column in the geometric model.

a. Change the INITIAL SHAPE SIZE to reflect the column height of 8.0 feet
and dlick on OK.

b. Select COLUMN from the Shapes puil-down menu and place the column
in the southwest comer of the roof shape.

c. Use TAPE MEASURE to select the two vertices between which meas-
urements are to be taken to locate the position of the column.

» Note: Switch to the 2-D plan view to verify that the correct vertices on
the roof and column have been selected, and then switch back to the
3-D view.

d. Use MOVE SHAPE to place the column directly under the southwest
comer of the roof form. The N-S and E-W distances in the Measure
dialog window should be 0.0 foot.

e. CANCEL measuring distances between the two distances set with Tape
Measure.
5. Duplicate the remaining columns.
a. Select DUPLICATE SHAPE from the Edit pull-down menu. A Duplicate
Shape dialog window will appear.
b. Enter the following data:

N-S DIRECTION 1

E-W DIRECTION 4
VERTICAL :0

N-S SPACE 119.0 feet
E-WSPACE : 16.375 feet

VERTICAL SPACE : 0.0 feet

P=lE

i

o

RLUEL
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c. Click on OK and handies will appear on the visible surfaces of the
shapes.

d. Select a handle on the column. The shape will be duplicated nine times,
spaced at 16.375 feet apart in the E-W direction and 19.0 feet in the N-S
direction.

e. Double click the right mouse key to exit the Duplicate Shape command.
6. This completes creation of the model.

C. Develop the open structure wind forces on the open barrel vault root.
Mo 1. Select the LOADS AND DESIGN tool palette.

» Note: A 3-D view must appear on the screen to be able to caliculate
open roof wind loads.

' e 2. Select WIND from the Loads pull-down menu. A Wind Loads dialog win-

' dow will appear.

3. Verify values in the Wind Loads dialog window and tum on OPEN ROOF.
Modify any values as desired.

4. Click on OK for CASM to begin finding the Open Roof planes. Handles
will appear on the open planes found.

5. Use the mouse pointer to select one of the planes of the polygonal con-
struction of the barrel roof to receive wind loads. Wind calculations are
then performed on all of the planes comprising the barrel vault. A 3-D de-
piction of the wind load will appear on the model when calculations are

completed.
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D. Manipulate the buliding modetl and its wind loeds.

» Note: Analysis has been performed for a 90- and a 60-degree wind
angle. Use SHOW LOADS to display each wind load case.

Vind load: Open Roof (psf)

90

Vind load: Open Roof (psf)

60

E. Generate hard coples.
Exi 3 -

Project 1 Carport

Location ¢ Chanute AFB - Rnntoul
Design Load : TM 5-809-1 198

Time : Fri Sep 13, 1991 9:57 AM

ARRRAKRANRARRERRKAAASRRRARNARANAAY Wind Load * A A AR R AR A AR ARAARCRNAAANIARARARAL

Velocit I rtance Exposure Width Length Roof Type
¥ g actor Perpend. Parallel e
to Wind to Wind
(mph) (£ft) (£t)
70.0 1.00 C 68.0 20.0 Arched

Crown: 5.0 ft
Distance to ocean line >= 100 mi.

RRRRANRRRRNRRRRRARNRAANS Ongn ROOE Pressures (psSf) *rAsdikiaxshhhtditahtiiss

3= h =10.50 ft

Gh = 1.3

Kz = 0. 0

gE = _0,00256*Kz* (14V) *(I*V) = 10.00 pst
AEa"186%30 sqft

90 deg wind

Windward half C£ = +0.08
Leeward half Cf = -0.58
F = qE*Gh*CL*Af

| Windward F = 0.83 k
E Leeward F = ~6.03 k
Y]

= F/AL

o
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Windward w = 1.06 pat
Leeward w = -7.66 pat

L s sk 4
——

60 deg wind
Windward half Cf = -0.01
Leeward half Cf = -1.04

Mindward F = -0.10 k |
1

Leeward F = -10.82 k
= F/AL
Windward w = ~-0.13 paf
Leeward w = -13.73 paf

FE R T

Notes for open roof pressures:
Positive presaures act toward surfaces.

F. Save the building model with its wind loads applied for future reference.
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DEAD LOADS

seciion describes the technique that CASM employs 1o generate dead icads

for floor, root, celing, and well assemblies you may design. SNOW and WIND

load design, as you have already seen, is dependent on data input into the three

CRITERIA windows. The DEAD LOADS program, however, is independent of the

CRITERIA menu and its associated pop-up dialog windows. A volumetric model
does not need to be drawn to create dead load assemblies.

Select the LOADS AND DESIGN Tool Palette. You may then proceed to LOADS on
the Loads and Design menu ber and scroll down to ROOF (DL), FLOOR (DL),
CERING (DL), or WALL (DL). The other oplion is to select either of the four
respective icons from the Loads and Design Tool Palette.

P & & &
ROOF FLOOR CEILING WALL

Regardiess of the option prefemred, click the left mouse key on the desired Dead
Load and highlight k. The pop-up dialog window will appear, and

you are ready fo develop the material weights for the assembly. Many system
assembiies can be generated for a given project. They can be stored and retrieved

as needed. The following exampies will take you step by step through dead load
caiculations for wood, steel, and concrete floor and roof assembliies.

1,2" Quarry the
Portitions (min — sti stud)

2 1/2" Normal weight concrete
1 1/2° 20 go Deck (form)

32° Spon joists @ 2'-0" o.c.
Mechonicol & electrical

Suspended celling
{channels & tile)

LOADS
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Required: Caiculate the total assembly dead load and save as ENTRY-TYPE 1
Solution:

1. Select LOADS from the top menu bar and scroll fo FLOOR (DL) or select
the FLOOR (DL) ICON from the tool palette. A FLOOR (DL) pop-up dia-
log window will appeer.

2. Type 'Entry-Type 1’ over the highlighted current name.

3. Input the assembly materials.

a. Move the mouse pointer to a required data window button.
b. CIddholonmmkayaMapop-wddogmmlwdmm

alsto!poosblo
Name: [Eniy - Type 1 —_1[8]
Type
Partition: - Purtition
- Finieh: $1-100 pf ;
Structwe: ever 308 pif use actual
" I-———-— mddh-lldna
Electsical: |
o Lox ) (Gencu]
Coltng: N (£ | O
7 Assign AR Floors Totak (0.0 |
3 (] (=)

c. Scroll the pop-up dialog window list for the desired material.

d. Place the mouse pointer on that material and click the left mouse key to
highlight your choice.

e. Click on OK. Your material choice and its comesponding weight will

appear in the "Type’ box and 'psf’ box. The Total’ box will automatically
sum the weights of all current choices.

» Note: An alternate approach is to select the material by double click-
ing on the highlighted material. This avoids having to also click on
QK.

f. Compiete the filing in of all Type’ boxes as follows:

Partition : 0-50PLF

Finish : 1/2° quarny tile

Deck : MTLDK 1.5/ NLWT 2.5
Structure : Steel bar jst. 32@ 2
Mechanical : Mech a/c ducts (3 psf)
Electrical : Elect/ Lighting (2 psf)
Fire Protection : none required

Celling : Susp. Chnl./ Tile
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»

Upon completion of all entries a total weight of 53.3 pef will exist in the "total’
box. You can edit or change any Rem in a 'type’ or ‘psf’ box, as described in
the REFERENCE chapier of the Reference Manual. The FLOOR (DL) win-
dow should look as follows:

Floor assembiies are automatically saved for sach unique floor name.
Use the Floor Name drop-down list to view and edit other fioor
assemblies. ,

4. Select QK after you completed entering floor assembiies to retum to the
CASM program window.

The other two options in the Floor (DL) dialog window will be addressed later.
Briefly they are:

»

Select Assign All Floors to apply the load to all fioor planes when using the
ASSIGN opftion.

Select CANCEL to not save the changes to the current floor name.

Select ASSIGN to place the current floor DL shown in the window on a floor
plane in the building model. The next chapter will perform this operation.

All the assemblies will be printed at the end of this section.
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25/32 Mople Floor
on Sleepers

NLWT Concrete

Indirect Lighting
(2psf)

Required: Dewelop the total dead weight of the given assembly and name it
GYM-Type 2.

Solution:

This example proceeds the same as Example 1, except none of the components
exist in the materials database, and you must create them.

1. Select FLOOR (DL) from the Loads puli-down menu in the Loads and De-
sign tool palette. The last entered assembly will appear on the FLOOR
(DL) pop-up dialog window.

2. Type over the present NAME and enter: GYM-TYPE 2.

3. Delete the PARTITION 'TYPE' and 'PSF.

a. Select the Partition data window button. The pop-up dialog window of
materials will appear.

b. Scroll the pop-up dialog window for the blank 0.0.

c. Place the mouse pointer over that selection and click the left mouse key
to highlight your choice.

d. Click on OK. The partition type will become blank and 0.0 psf will be
inserted.

4. Replace the FINISH material and weight with 1" hardwood.

5. Repeat step 3 for DECK to clear the 'TYPE' box and place 0.0 in the
'PSF box.

6. Repiace the STRUCTURE material and weight with the concrete pan joist
proportions given. Scrolling the choices in the pop-up dialog window re-
veals that the closest choice is Conc Pan 12+3x5+20 weighing 74.0 pstf.
Select it and edit the TYPE' and 'PSF boxes to read: CONC PAN
12+3x6+20 weighing 78 pst. An altemate approach would have been to
merely write in the entire description of the item and its new weight.
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7. Delete MECHANICAL TYPE' description and place 0.0 in the 'PSF box
e instep 3.
8. Leave the ELECTRICAL boxss as they are.

9. Delete CEILING 'TYPE' descriplion and place 0.0 in the 'PSF box as in
step 3. The new assembly FLOOR (DL) window will look as follows:

» You will select ASSIGN to place the current floor DL shown in the
window on a fioor plane in the building model later. The next chapter
will perform this operation.

10. Use the Name drop-down list to review all the saved FLOOR (DL) assem-
blles for your project.

11. Edit either assembly, or select OK to end the development of floor dead
load types.

» The hard copy will be printed at the end of this section.
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B Roof Assemblies

Concrete Shingles
1/2" 0SB Shecthing
12" Bott Insul.
(fibergloss)

2x12 © 16" o.c.

1" Cedar Lap-siding

Required: Calculate the system dead weight and save as HOUSE-TYPE 1.
Solution:

It is assumed that you now have an understanding of the process and it is assumed
that you can bring up the ROOF (DL) pop-up dialog window and enter the new
name.

1. Enter the following ROOF (DL) TYPE' and 'PSF items:

Name ‘House - Type 1

Roofing :Concrete shingles 9.5
Deck :0SB & Waferbrd 12" 1.7
Structure 2x12 @ 16" 3.2
Insulation :Fiberglass batt 12" 36

2. Scroli the ceiling choices and select CANCEL since Cedar Lap Siding is
not listed. Type in the material and its 2.0 psf weight.

3. Select SAVE to store the assembly. The completed dialog window looks
as follows:

3-96




LOADS

» You will select ASSIGN in the next chapter to place the current roof
DL shown in the window on a roof plane in the bullding model

4. The total weight of this assemblage of components is 20.0 psf acting

downward along the slope.

» Note: The computer wiil caiculate the projected load value during

analysis.

Given: The steel joist framing section shown:

(

Ballosted Single—Ply Roofing

Rigid Topered insul 3° — 7°
(use 5" average)

11/2" Metol Deck — 20 go
Metal Ducts: 1 psf

24’ Span Joists @ 4'-0" o.c.
Electrical: 1 psf

Wet Sprinkler System: 2 psf
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Required: Calculate the total dead weight of the given assembly and name it
MECH.RM-TYPE 2.
Solution:
@l 1. Edit the previous ROOF (DL) window with the following data:

Name : Mech.RM-Type 2
Roofing : Single-ply/ Ballast  12.0
Deck : Steel 1-12-20ga 25
Structure : Steelbarjst.24@ 4’ 1.8
Mechanical : Mech a/c ducts 10
Electrical : Elect/ Lighting 1.0

Fire protection : Spriniders - wet 20
(must edit the 'PSF’ box to change the 0.8 to 2.0)

Insulation : Rigid roof insul. 5" 4.0
(must change the database value of 6 to 5 and 4.8 t0 4.0)
Ceiling : none
2. The TOTAL system weight of 24.3 psf is shown. A sample ROOF (DL)
window follows:

Foot I
Name: [Mech. RM - Type 2
Type
Roofing: Single Ply/Ballast
Deck: Steel 1-1/2" 20ga
Stucture: [Steel Bar Jst 20°@4°
Mochanical: [Mech A/C Ducts
Electrical: Elect/Lighting
Fire Piotection:  [Sprinklers Wt |
Insulation: [Rigid Roof Ins 5
Ceiling: |
D .

[

3}|§ 2

o | —
-.l-o

=El-,

T

DEEEREED

|

-
)

i

] Lo J (goncel]

» You will select ASSIGN in the next chapter to place the current roof
DL shown in the window on a roof plane in the building model.

E] 3. Select the drop-down list button to review all the saved ROOF (DL) as-
semblies.

4. Select OK to retum to the cleared CASM program window.
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any imes in the design of trusses it is advantageous to separate top chord

and bottom chord dead icads and live loads. This is typical in wood, but also
in steel truases for floors or roofs. Interstitial trusses, used most often in hospitals,
also require separation of top and bottom chord loads; however, since these ceiling
sssemblies also combine with flooring, they are best treated as a FLOOR (DL).
Thus, they are the truss exception. A typical example of a CEILING (DL) would thus
be the bottom chord of a wood truss.

RXAMPERIONE

Given: The bottom chord of a metal plate connected wood truss for a residential

application.
2x6 Truss © 24" o.c.
6" Batt Insulation
[ \ / [ ] [
e N e o)/ 5/8" Gypsum Boord

00 i.’..’..!.tii.!.’m 0000

Required: Prepare the boltom chord dead load for the truss »hricator and his
engineer.
Solution:

1. Bring up the CEILING (DL) pop-up dialog window and input the following
data:

Name _: House-Type 1

Mechanical : none 0.0
Elecirical : Elect/ Lighting 1.0
Fire Protection : none 0.0
insulation : Fiberglass batt 6" 1.8
Structure : Half-2x6 truss @ 24" 1.5
Ceiling : Gypsum 5/8" 3.1

2. A completed window should look as follows:

@1
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Cething {01

Fiberglass Batt 6~
Hall-2x6 truss @ 24"

O3 Assign AN Floors Toat T4 |
) (K] [gomeel]

» You will select ASSIGN in the next chapter to place the current ceiling
DL shown in the window on a fioor plane in the bullding model.

3. Select OK to retum to the cleared CASM program window.
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m Wall Assemblies

Tmmnmwmuwm.mwwmam.
roofs, and cellings. The wall weights will be in PSF and must merely be
multiplied by the wall height to obtain linear loads in PLF, or merely multiplied by the
wall area to obtain the total wall weight in pounds. When the load is assigned, the
computer witl caiculate the lineear load of the assembly.

ng JRESERL T S NP
ICIEVRNGOT

4" Brick Veneer

e

B 1" Exp. Poly. Insul.
(Pinkboard)

A

4" Fiberglass Bott

XK

{ insulation

7 t‘: 4 1/2" orywal
7 >__J
'—4 ;

Required: Determine wall weight in PSF and name it EXT.WALL-TYPE 1.
Solution:

1. Select WALL (DL) from the Loads pull-down menu or from the icon on the
Loads and Design tool paletts. The WALL (DL) pop-up dialog window will
appear.

2. Enter the following TYPE' and 'PSF items:

Name : Ext.Wall-Type 1

Finish : Brick veneer 4" 40.0
Sheathing : 1" rigid insul. (pinkbrd) 0.2
Structure 124 @16 1.5
insulation . Fiberglass batt 4" 1.2
Finish : Gypboard 1/2" 25

3. A completed window should look as follows:

=)
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»

»

Name: [Ext. Wall Type 1 1 @
Typs pol

Finish: Brick Veneer 4™ 40.0

Sheathing: |1 Rigid Insul pnkbd 0.3

CJ

J
Stuctwe:  [Wood Stud 24@16___ |[>] [15

)

Insulation: [Fiberglass Batt 4™ 1.2
Finish: Gypboard 1/72* 25

[ Assign Al Flooss

You wiil select ASSIGN in the next chapter to place the current wall DL
shown in the window on a floor plane in the building model. You
would select Assign All Floors to apply the ioad to all fioor pianes
when using the ASSIGN option.

The next wall assembly can be prepared by directly changing values
in the current WALL (DL) assembly window. R is necessary to insert
a new hame, unless It is desired to just replace the existing assembly.
4. Select OK to retum to the cleared CASM program window.
5. Obtain a hard copy of the assemblies.
a. Select File from the CASM top menu bar and scroll down to PRINT

b.
c.

d.
e.

DATA. The Print Data pop-up dialog window will appear.
Place an 'X’ in the DEAD & LIVE LOADS option.

Remove the "X in all other output options. This will only print the Loads
assemblies.

Place an X' in the box for either PRINT TO PRINTER or PRINT TOFILE.

Click on OK and if you selected PRINT TO PRINTER, your printer will
be activated. If you selected PRINT TO FILE, you will be placed in
NOTEPAD.

Note: See the Printing Project Criteria Data in this Tutorial Manual for
more information on the PRINT DATA command.
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Sample Loads Ouldi:

Loads
Floor Dead Loads
Name 1 Entry-Type 1
Type pst
Partition t 0-50 PLF 0.0
Finish t Quar Tile 1/2*% 5.8
Deck t MTL DK 1.5/NLWT 2.5 36.0
structure t Steel Bar Jst 32702’ 4.5
Mechanical t Mech A/C Ducts 3.0
Electrical t Elect/Lighting 2.0
Fire Protection: 0.0
Ceiling 3 Susp Chnl/Tile 2.0
Total ] $3.3
Nawe t Gym-Type 2
Type pst
Partition H 0.0
Finish 1+ Hardwood 1" 4.0
Deck ] 0.0
Structure t Conc Pan 12+43x6+20 78.0
Mechanical H 0.0
Electrical t Elect/Lighting 2.0
Fire Protection: 0.0
Ceiling t 0.0
Total t 84.0
Roof Dead Loads
Name t House-Type 1
Type pstf
Roofing t Concrete Shingles 9.5
Deck t OSB & Waferbrd 1/2*% 1.7
Structure t Wood 2x12 @ 16 3.2
Mechanical H 0.0
Electrical H 0.0
Fire Protection: 0.0
Insulation t Fiberglass Batt 12°* 3.6
Ceiling 1 Cedar Lap Siding 2.0
Total ] 20.0
Name t Mech.RM-Type 2
Type psf
Roofing : Single Ply/Ballast 12.0
Deck t Steel 1-1/2% 20ga 2.5
Structure t Steel Bar Jst 23’@4’ 1.8
Mechanical 31 Mech A/C Ducts 1.0
Electrical t Bloct/Lighting 1.0
Fire Protection: Sprinklers We 2.0
Insulation H ngid Roof Ins 5% 4.0
Ceiling 3 0.0
Total H 24.3
Ceiling Dead Loads
Name : House-Type 1
Type pst
Mechanical H 0.0
Electrical t Elect/Lighting 1.0
Fire Protection: 0.0
Insulation : Fiberglass Batt 6" 1.8
Structure : Half 2x6 Truss @ 24" 1.5
Ceiling : Gypsum 5/8" 3.1
Total s 7.4
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Wall Dead Loads

Name t Ext.Wall-Type 1
Type psf

Finish 3 Brick Veneer 4" 40.0
Sheathing 1 1* Rigid Insyl gnkbd 0.2
Structure : Wood Stud 2x4€1 1.5
Inasulation s Fiberglass Batt 4" 1.2
Finish t Gypboard 1/2" 2.5
Total t 45.4
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MINIMUM ROOF LIVE LOAD

basic minimum root live load for members supporting flat, pitched, or arched

rools is 20 pef as preecribed in ANSI-A58.1-1962 and cited in TM 5-809-1 1966

referenced at the beginning of this chapter. Reductions to the 20 psf are a function

of the horizontal projecied tributary area carvied by the member and the roof slope.
The following example liustraies this provision as set up in CASM.

Given: An industrial bullding framed with repetitive bays at 20 feet on ce.ter. The
roof is framed with 80-foot span trusses in each bay. The top chord slope

is 3 in 12 creating a low sioped gable roof. This example can be found in
T™ 5-809-1 1966 on page C-2.

Required: Determine the minimum live load o be carred by each tuss.
Solution:

A. Establish Criteria.

1. Input the following data into the PROJECT dialog window:
PROJECT: Project Name : industrial Building
Oﬂym Vldsbu‘q

DnlmLo.d TM5-809-119$

» Note: This is the minimum information nqulrod to do minimum roof
live load calculations.

B. Draw volumetric model.

1. Select the DRAW MODEL tool palette.
2. Establish general layout requirements which are different than previously

a. Use the following:
DEFINE UNITS(snap increment): 6 inches
SNAP TO UNITS :on
SHOW GROUND PLANE :on
GROUND PLANE
WIDTH NS :100feet
E-W :100 feet
SPACING N-S  :20feet
E-W :20foet
INITIAL SHAPE SIZE
N-S : 80 foet
E-W : 60 fost
HEIGHT : 20 feet
ORIENTATION :N-S

STACK ON GROUND PLANE :on
DIRECTIONS LOCKED : none

info
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.
| 3

»

3. Place a CUBE on the ground plane with the required dimensions.
4. Draw the geble roof.

a. Tum on STACK ON LAST SHAPE.

b.

Stack a PRISM on the cube.

c. LOCK the N-S and E-W directions.
d. Use the DRAG EDGE command to make the roof siope 3 in 12.
o. UNLOCK the N-S and E-W directions.

5. Draw roof structural elements.

if unfamilier with drawing structure, refer to Wind Load Example 1,
step 6, Floor Framing Scheme 1a step E-4, or the CASM Reference
Manual.

a. Select INCLINED STRUCTURAL PLANE.

b.
c.

®

~ ga ™

Select DRAW STRUCTURE tool palette.
Select DEFINE GRID from the Grid/Open pull-down menu.

N-S Spacing 20 feet
E-WSpacing 99 feet

Select TRUSS - CUSTOM from the Suri/Line pull-down menu.

Define area to draw trusses by selecting handles in clockwise order to
define the entire area of the inclined plane.

Set the truss Spacing to 20 feet.

Set the Orientation to E-W.

Tum OFF Draw Surface.

Click on SAVE. The Truss - Custom dialog window will appear.

inchude Opposite Side of Roel: X
Depth At Suppert: [0.00 |
Soissors Heigt: |o.w ‘n

=] |
Tum on INCLUDE OPPOSITE ROOF. Leave depth and scissors

heights at 0.0 feet.
Chick on OK.
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§. This compietes crealion of the model and insertion of roof frusses.
C. Determine the minimum root live load for a typical root truss.

» Note: You must be in a 2-D view of a selected piane on the 3-D model
to be able 10 apply a minimum roof live load. You cannot be in a 3-D,
plan, elevation, or section view.

1. Select the LOADS AND DESIGN tool pelette.
» Note: This is a view of the true width, not a view of the projected width.

2. Select MIN. ROOF (L) from the Loads pull-down menu. A Minimum Roof
(LL) dislog window will appeer.

X Add opposhe side of roof
Output File: [TRUSSMIN.TXT |

(BE] (Genewt]

3. Tum on ADD OPPOSITE SIDE OF ROOF.
4. Modiy the Output File name fo TRUSSMIN.TXT and clickon OK. A
Tributary Area dialog window wi appeer.
a. Use the mouse pointer to set the lower left comer of the tributary area to
be created. Place 10 feet from the left edge and click the left mouse

key.

b. Drag the mouse pointer to create a tributary area with a tributary width
of 20 feet and a length equal to the width of the roof plane.

» Note: The tributary area is a projected area above the 2-D plane.

c. Click the left mouse key to fix the tributary area. Calculation then begins.
The minimum root live load and its name will appear on the 2-D plane
within the drawn tributary area.

O_ CL . @ . @ @
- .-.@
\\\\

\\\

K

5. cummmemmmmmmdmmm.
D. Manipuilation of the buliding model and its loads.

1. For details on the following abbreviated commands, refer to steps D-1
through D-7 in Snow Load Example 1.
a. Zoom the graphics on the screen.
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b. Pan the screen image

¢. View — Perspective 3D

d. View — Soilid Object

o. Rotate 3D view

f.  Adjust the viewing height.

g. Adjust the viewing distance.
E. Generation of hard coples.

Minimum Roof Live Loads (pef)
12, .0

1. Print a 2-D section and calculations. For details on the following abbrevi-
ated commands, refer to steps E-1 through E-4 of Snow Load Example 1.

a. View — Section
b. File — Print Screen
v Printer
oK
c. File - Print Data
¢ Min Roof LL
v Printto File
v Execute Notepad
oK
d. Notepad — File — Page Setup
Left Margin : 0.5
Right Margin : 0.0
oK
e. Notepad — File — Print
f. Notepad — File — Exit
Example 1 Sample Output ;
Location 1 vichamurg. Duilding

Design Load: TM 5-809-1 1986
Time t Tue Jan 30, 1990 10:48 PM

RAKRARRRRRRXRRRARRRARAAY Minimum ROOE Live Load (Lr) *XA*xaaddhrdandknrsdrs

Tributary area (At) : 1200 sf
Roof slope (F) ¢ 3.00 in 12

Lr = 20*R1*R2 >= 12
At >= 600 Rl = 0.60
F <=4 R2 = 1.00
Lr = 12.00 paf
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minimum Lr = 12 pst

Lx = 12.00 paf |

Check minimum roof live 13;4. Lr, against minimum snow design loads.
Additionally, for the design of secondary members such as roof decking and
rafters, a concentrated live loed with 250 1lbs uniformly distributed over

an area of 2 feet square (4 sqft) will be included. The concentrated load
will be located 30 as to produce the maximum atress in the member.

F. Save the buliding model with its minimum live load applied for future
reference.

1. Select SAVE from the File pull-down menu on the CASM menu bar.
2. Type in Filename: MINROOF.BLD.
3. Click mouse on SAVE.
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LIVE LOADS: OCCUPANCY

his section describes the procedures used by the CASM program to generate

uniformly distributed floor occupancy live loads for different projects. This
version of CASM addresses occupancy live loads based on the provisions stated
in the TM 5-809-1 manual only.

it is not necessary to select a Design load code from the PROJECT CRITERIA
window to prepare occupancy live loads, as it was for SNOW and WIND loads. R is
not necessary to draw the geometric model to create a list of occupancy live loads
for the budiding.

1. Select the LOADS AND DESIGN tool palette.

2. Select Loads from the menu bar and scroll down to OCCUPANCY (LL).
Click on this highlighted choice with the left mouse key. The typical alter-
nate approach is to select the occupancy live load icon from the LOADS
tool palette. An OCCUPANCY (LL) pop-up dialog window will appear.

Name psf
Office: Offices 50
Ak-Cond Equip Rm
Armories 150
Assembily halls/places:
Assembly: Fixed seats 60
Assembly: Lobbies 100
Assembly: Movable seals 100
Assombly: Platforms 100
Assembly: Stage floors 150
Attic (non-res). Non-storage 25
O Apply Live Load Reduction Altic (non-res): Stotage 80 a
. ADP room 150 a
O Assign AN Floors Baketies 150
] LLR Guidelines | Lok ] (goncel |

G ) =)

3. Drag the mouse pointer to the ADD box and click on the left mouse key.
This will activate the occupancy live load selection list in the overlay pop-

up dialeg window.
4. Use the scroll bar amows to scan the list for desired choices.

5. Use the mouse pointer to select a choice.

6. Double click the left mouse key or single click and then dlick on OK. The
occupancy live load will appear in the OCCUPANCY (LL) window.
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» Note: Certain Nive load magnitudes are followed by a letier which
represents a reminder note that appears on the screen when the load
is selected. Click on QK to remove the note.

«. Variobis design lead. Increase may be

necassary.

(]

7. To modify the live load magnitude or name, or view the note:

a. Double click the left mouse key on the live load name. A pop-up dialog
window will appeer.

Name pof
{Otfice: Filas & stotage HIER
a. Vatiable design load. Incresss may be

necessary.
D =)

b. Change the name or psf as desired.
¢. Select OK when satisfied or CANCEL fo not save the change.

8. Repeai the process as many times as required to create a list of the pro-
ject's uniformiy distributed five loads.

9. Decide i i+e ‘sad reductions are to be applied o all the loads listed.

a. Select LLR GUIDELINES for the code criteria to aid your decision
process.

Poaap bnp e bioar e L oad

Uniformly distributed live loads for supporting members: i.e.. two-way
sisb, beam, gisder or columns having an influence area of 400 sq it or
more may be reduced with: L = Lo*[0.25+{15/sqet{Ai))]
The reduced design live load will not be less than 50X of the unit
live load for members supporting one flooe. nos less than 40X of the
unit live load for membess supporting two or more flooss.
Exceptions: For five loads less than 100 psf, no reduction is permit-
ted for members supporting floor{s) in the following areas:
-public assembly
-garages [except whete 2 or more floors are supported]
-one-way siab flor
For live loade greator than 100 psf and for garages used for passenger
cas only, no reduction is pemitted for members suppasting one floor;
however, where two or more floors are supported. a 20X seduction is

pommitted.

b. Place an 'X' next to APPLY LIVE LOAD REDUCTION to have the
reductions automatically calculated during analysis.
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» Note: it Is not possible to have live load reduction apply to only a
select few loads from the list.

» Select ASSIGN ALL FLOORS to apply the load to ail floor planes when
using the Assign option.

» Select ASSIGN to apply the highiighted live load from the list on a floor
plane in the bullding model. This process is performed in the next

chapter.
10. When finished, select STOP to retum to a clear CASM program window.
» Your live load choices can be saved to a file according to procedures
described in the REFERENCE and OVERVIEW chapters of the Refer-

ence Manual. The foliowing example illustrates the application of the
discussion described above.

A ee Fauil

Given: Afour-story multiuse facility that will be designed based on the TM 5-809-1
1986 Loads Manual contains the following functions:
Offices (3 stories)
Corridors (main)
Files and storage
Lobbles
Lecture hall, Meeting room w/ movable seats
Dining room
Parking garage (1 story)
Kitchen

Required: Prepare a list of live loads for the project. Live load reductions are to
be taken for all live loads. The Files and Storage live load should be
increased to 90 psf. Save the list in a file called OFFICE.BLD.

Solution:

1. Follow the steps outlined above to create the project's live load list. The
completed OCCUPANCY (LL) window will look as follows:

Name psi
Office: Offices 50
Office: Cosridos (main) 100
Office: Files & storage 90 a
|Otfice: Lobbies 100
Assembly: Movable seats 100
Dk

1ooms 100

03 Apply Live Load Reduction
O Assign AR Flooss

| LLR Guidefines |

| Add I l{_»,_.x.\ignl
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2. Select STOP and retum to the clear CASM program window.
3. Save the project live load list to a file.
a. Select the Fiile pull-down menu from the CASM top menu bar and select
SAVE. A pop-up dislog window will appear.
b. Type in the project flename: OFFICE.BLD
c. Select QK. The filename ‘untitled’ at the top of the CASM window will be
repiaced with the new filename.
4. Print the project live load list.

a. Select File pull-down menu again and select PRINT DATA. The Print
Data dialog window will appear.

Oiasic Deslgn Ciliorla!
& Dead and Live Loads .

O snaw:

0 wind 00k

0O wina:

O winimum Roet LL:
) Seivmic:

D) Conter of Maes:
[ Live Loas Raductien:  |LLADUT. TXY
[ Rigid Diaphwagm: RIGIDOUT. TXT

[ Selemic Resistance:  [LATSEIS.TXT ]

[ Anatysis: FRAMEOUT.TXT j
D Quantity Take-oit: QUANTITY. TXT |

[0 Printer: AST Visbalase:/PS on LPT2:

() Print to File: |wu.m |

£3 Enacute Metepad

o =

b. Select DEAD & LIVE LOADS and PRINT TO FILE.
c. Enter the flename: OFFICE.TXT.

» Note: If you enter .BLD it will automatically be changed to .TXT for the
NOTEPAD program.

d. Tum on EXECUTE NOTEPAD.

e. Select OK and respond to the pop-up dialog window waming to replace
the output file if one appears.

f. The NOTEPAD program window will appear displaying the live load file
and accompanying notes.

g- Select PAGE SETUP from the File puli-down menu.
(1) Set the left margin to 0.5 and the right margin to 0.
(2) Click on OK. '

h. Select the File pull-down menu and select PRINT. The file is then sent
to be printed on the printer. A sample output is as follows:
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Occupancy Live Loads

Name pst
Office: Offices 50
Office: Corridor (main) 100
Office: Files & storage 90a
Office: Lobbies 100
Assembly: Movable seats 100
Dining rooms 100
G.rlgos (passenger cars) 50
Kitchens (non domestic) 150a

a. Variable design load. Increase may be necessary.

Note

»

s
Uniformly distributed live loads for supgozting members; i.e., two-way
slab, beam, girder or columns having an influence area of 400 sq ft or
more may be reduced with: L = Lo*[0.25+(15/sqrt(Ai))])
The reduced design live load will not be less than 50% of the unit
live load for members supporting one floor, nor less than 40% of the
unit live load for members supporting two or more floors.
Exceptions: For live loads less than 100 psf, no reduction is permit-
ted for members s:ggorting floor(s) in the following areas:

-public asse {

~garages [oxcog where 2 or more floors are supported)

-one-way slab floor
For live loads greater than 100 psf and for garages used for passenger
cars only, no reduction is permitted for members suggorting one floor;
howogzg,dwhoro two or more floors are supported, a % reduction is
permitted.

Note: An aiternate (simpler) way to obtain a printout is to select PRINT
TO PRINTER instead of PRINT TO FILE. The iatter was done here
merely to show the process.
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STRUCTURAL ANALYSIS
AND DESIGN

Tﬂsd\qmrbhmb present the structural planning capabilities of CASM.
R will synthesize the many pleces of CASM you have leamed in the previous
chaplers and give you an understanding of the program’s application in the prelimi-
nary structural design procees. The entire flowchart, ilustrated in Chapter 1, will now
be used to compare structural systems and assist the engineer in his decision-mak-
ing process.

This chapter will assume that you have mastered CRITERIA, LOADS generation, and
the basics of GEOMETRIC MODELING from the previous chapters. Emphasis wil
be on the commands necessary fo:

D Establish structural element parameters

E. Assign loads and generate load combinations
F. Perform preliminary analysis

G. Perform preliminary structural member design

= Floor Frammg Desngn Companson
EXAMPEESONE ' '

Given: Athree-story 6 x 3 bay office building. A typical bay will be 24 feet by 24 feet.
The building will be a braced frame with x-bracing around the comer stair
towers providing lateral load resistance.

The occupancy five load will be assumed a smear of office, corridor and
partitions totaling 70 psf.

The exterior wall construction will include 4-inch brick veneer with a 2-inch air
space and a fightweight 8-inch CMU back-up. A 1-inch rigid insulation (ex-
panded polystyrene) will be placed in the cavity. The exterior wall will be

supported at each floor level. The exterior face of brick is 9 inches in front of
the spandrel beam centerline.

Required: Perform a preliminary analysis and design for the following structural
framing options:

1. Open-web steel joists with steel beams on the column lines.
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a. Al joists spanning in the same direction.

© ® © ®

—————t4.¢ — N

b. Checkerboard arrangement of joists.

® ® © O

P4 B 24 B
B <4.9

O

24.0

O,

24.0
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2. Steel beam framing at thi:] points and on the column lines.

a Noncomposite construction with checkerboard layout. AR connections
are simple sheer type.
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b. Noncomposite construction with checkerboard layout. The girder lines
in the short direction of the building are continuous.

/\/

c. Composite construction with checkerboard layout. Al connections are
simple shear type.

© . 0 9 0O
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Not part of area
load. An estimated
beam weight will
be provided during
Preliminary Analy-
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A. Establish Criteria.
1. Select PRQUECT and input the following data:

» Note: This is the only information required, since we will not need show
or wind loads to design floor framing.

8. Draw Volumetric Model.

» Note: It is only necessary to draw a portion of the buiiding to study

typical bay framing. A one-level, three-bay by three-bay model will be
sufficient to design typical interior, exterior, and comer bay members.

Consideration of the 8-inch perimeter offset is also not required when
studying typical bay framing.

1. Prepare the following basic model on the ground plane:
72 foet x 72 foet x 14 foet high.

» Note: it is best not to draw the individual bays in any model. The bays
are defined by the structural grid.

» Note: This minimal model will not produce accurate wind load values.
The compiete building volume, including offsets, is necessary to
properly address B/L and h/L factors, as well as the number of fioor
levels. Snow load values wili be correct if no projections are anticl-
pated above the flat roof plane.

info
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=1
[H.

=t
1

C. Establish the Structursi Grid.

» Note: It is necessary {0 have a structural grid within which structure
can be drawn.

1. Select the DRAW STRUCTURE tool palette.

2. Select DEFINE GRID from the Grid/Opening pull-down menu. A Define
Grid dialog window will appeer.

Predoe baal

3. Set the N-S and E:W SPACING to 24.0 feet.

» Note: The Perimeter Otffset will be left at 0.0 inch as mentioned above.
it does not influence the analysis or design of floor framing compo-
nents.

4. Click on OK when satisfied and the grid will appear on the 3-D model.
D. Define Structurally Significant Openings.

1. Typical floor framing does not include areas where openings occur. None
will be inserted for this example. :

» Note: Significant openings would include stairs, elevators, mechanical
chases, atriums, skylights, etc.

E. Draw Structure.

» Note: it is necessary to be in a 2-D view of a plane taken from the 3-D
model to draw Structure.

1. Select HORIZONTAL STRUCTURAL PLANE from the View puli-down
menu located within the Viewpoint window. Handles will appeer on the
horizontal planes within the 3-D model for selection. -

» Note: CASM defines a roof plane as one which has no objects stacked
on Iit; otherwise, it is a floor plane. Therefore, the top horizontal plane
in our model is considered a roof plane, and the plane sitting on the
ground plane is considered a floor plane.

» Note: Planes which are partial roof and partial floor are considered as
a floor plane.

2. Select the floor plane (lower handle) from the 3-D model. A 2-D view of the
selected plane will appear with the defined structural grid. A North arrow
will appear in the lower right hand comer to aid the user in compass orien-
tation. The plane name will also appear in the lower right hand comer.

3. Name the floor plane.
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Note: Al struchural planes are aulomatically uniquely named and
numbered.

. WWMMM View pull-down
menu. A information dislog window will appeer showing

the plane’s name as well as any loads, openings, or laleral resistance

b. Change the name to: TYPICAL FLOOR

¢. Select CLOSE from the System pull-down menu in the Structural Plane
information dislog window o remove the window from the screen.

Note: An optional way to close the Structural Plane information dialog
window is to reselect Structural Plane Information from the View
puli-down menu or double click on the System menu icon.

Note: The Structursl Plane information dialog window will remain on
the screen until kt is closed.

. Draw the narrowly spaced elements (joists).

Note: CASM defines narrowly spaced siements as elements that are
spaced less than or equal to 4 feet apart and produce distributed
. reactions on other elements. Widely spaced elements are spaced
greater than 4 feet apart and produce concentrated reactions on other
eloments. Narrowly spaced slements spaced greater than 4 feet pro-
duce concentrated reactions on other elements.

Note: There is no need to consider material choice at this time, only
the skeletal structural arrangement.

a Select NARROWLY SPACED from the Surface/Linear pull-down menu.
Handles will appeer at the mid poinis of the grid intersections.

b. Draw joistsin the bay defined by grids Bto C and 1 to 2. Select a sufficient
number of handles in a clockwise order to define the perimeter within
which structure is to be drawn. A highlighted dotted line will be drawn
showing the perimeter.

Note: A handie represents the midpoint of a line which contains two
points on one edge of the perimeter. The perimeter is made up of these
points.
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» Note: There are several ways to select the desired perimeter: (1) by
selecting handies in a clockwise order around the entire perimeter, or
(2) by selecting one handle and the mutually opposite side handie.

» Note: If you select an incorrect handle, double click the right mouse
key to stop adding to the perimeter and select CANCEL in the element
dialog box.

c. When the desired perimeter is selected, double click the right mouse key
to fix the perimeter. The Linear Elements dialog window appears and
nammowly spaced linear elements appear on the screen.

» Note: The spans indicated in the dialog window are calculated from the
selected perimeter.

A
8 v

.40

T
1
| T
v ) |
] Unear Elements ! |

Otientationn @ NS OEW Cor e -
O Number of Elements: M ] |
@ Spacing: in !
Q122 Ot16~ @2~ Ou4g i
Oftsets:  [] East: [240 Jin .
]
|
|
|

O west: 240 lin

Span: N-S: n EW: n

[ praw Swuitace

d. Revise data in the dialog window to draw joists spaced at 2 feet on center.
(1) Set ORIENTATION to N-S.
(2) Fix the SPACING and select 24 inches.
(3) Tum off DRAW SURFACE.

» Note: Linear elements are placed by fixing the spacing or fixing the
number of elements.

» Note: A checkmark in front of a variable fixes that variable.

» Note: If neither Offset is fixed, the elements are centered within the
perimeter.

» Note: The surtface element could have been drawn at this time. But, in
order to show how to use the surface command, it will be drawn later.

(4) Click on RECALC to redraw the joists at the new settings. The
Number of Elements will be calculated as 11 and the Offsets will
be 24.0 inches.

(5) Click on SAVE to fix the joists in the bay.

!
!
!
-t
)
|
|
|




FLOOR FRAMING EXAMPLES

STRUCTURAL ANALYSIS AND DESIGN

¢. Repest steps a through d fo draw joists in the bay defined by grids B to
Cand2%03.

» Note: Design of a typical girder requires drawing all elements that
produce reactions on the girder so that load transfer is compiete.
5. Draw the widely spaced elements (girders).
a Select WIDELY SPACED from the Surface/Linear pull-down menu. Han-
dies will appeer at the midpoints of all grid lines.
b. Select the handie between grid intersections B-2 and C-2. The line
between those two grid intersections will be highlighted.

c. Double click the right mouse key to end selection of the handles and add
the widely spaced element along the grid line. A Linear Elements dialog
window will appeer with information about the element. A girder will be

drawn.
@—mr @ 240" @ 24’0*—@

27
Il

i
|
=] .. LingstElements = - | |
|
|
[

Orientation: O ®Ew )
©® Nugbes of Elements: [
o Cln
o O O O : H
Offests: [ e |™ T B
O ' f

Span: N-S: (00" [r E-w:[240" |R

o -

(Becaic ] { §ave | [gancel ]
» Note: Vailues in the boxes reflect that only one element has been
drawn,

d. Select SAVE to fix the girder location.

©. Repeat steps a through d to add the spandrel girder at grid intersections
B-1 and C-1.

6. Draw the surface elements (decking and slab).

a. Select ONE-WAY from the Surface/Linear pull-down menu. Handles will
appear at the midpoint of the grid lines.

b. Dvaw decking and slab in the bay defined by gridlines Bto Cand 1to 2.
Select a sufficient number of handles in a clockwise order to define the
perimeter within which structure is to be drawn. A highlighted dotted line
will be drawn showing the perimeter.

c. Double click the right mouse key to stop defining the perimeter. A Surface
Elements dialog window and a one-way surface symbol will appear. The

|
|
i
|
|
|

1
|
|
|

8 —— -
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area of the selected perimeter and the maximum span of the siab/deck
are shown.

o =
Manimum span: in |

Leeve ) Leemeet] | L[N
d mmmm&mwmwﬁo .

(1) Set ORIENTATION to: E-W.
(2) Select SAVE to add the slab/deck in the bay.

» Note: it is not necessary to draw the siab/deck in the other bay since
narrowly spaced elements are assumed to have a surface above them
to distribute loads.

7. Draw the column and wall structural elements.

» Note: !t is not necessary to draw columns or bearing walls, as support
is assumed at the ends of elements.

8. Manipulation of the structural and geometric model.

» it is possible to view the structure in 3-D, turn on and off the structure
and structural grid with the SHOW STRUCTURE command, print

|
|
Orientotion: O N-5 @ E-W '
|
|
I

screen, efc.
lx vhoy F. Establish independent load cases and assign to the floor plane.
N 1. Select the LOADS AND DESIGN tool palette.
2. Prepare floor dead load and name as : FLOORTYPE 1.
@1 Partition ‘None
- Finigh ‘Carpet & Pad
Deck :3.0" Form deck + NWT Conc.
Structure :Steel Bar Joist 24" @ 2
Mechanical :3.0 psf
Blectrical 1.0 pst
Fire Protection  :Sprinklers Wet 4.0 pst
Ceiling :Suspended Channel/Tile

The total dead load should be 49.5 psf.
3. Assign the dead load to the floor plane.
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» Note: You must be in a 2-D view of a selected horizontal or inclined
plane {0 assign loads. You cannot assign deed load or live load to 8
vertical piane.

a Select ASSIGN and a Tributary Area dialog window will appeer.

» The displayed load case is automatically saved when ASSIGN is
selected.

b. Move the mouse pointer to the lower left comer of the plan and click the
left mouse key to fix the starting comer of the area to be selected.

¢. Move the mouse to the upper right comer of the floor plan and single
click the left mouse key again. A hatched texture will appear within the
selected area. s color comesponds to the range within which the
magnitude falls. The load name and magnitude will also appeear within the
selected area.

-NL.: Iguf:::' B @ @—24#@—24#—@

Ll AL L e LA L
L z 4

P OEITRCTTIVISTIIS OIS

L L Ll hd

» Note: The color of assigned loads will correspond with the following

load ranges:
Blue : 0to 59.9 pst
Cyan : 60.0 to 99.9 psf
Yellow : 100.0 to 199.9 psf
Red : 200.0 psf and above

» Note: The assigned load is automatically saved.

» Note: Changing the magnitude of a load will automatically update all
the areas to which that load was assigned.

4. Select OK to end working with the floor dead load.
5. Prepare the Floor live load of offices w/ smear corridor 70 psf.

» Note: it is necessary to edit the Office Occupancy live load of 50 psf to ﬁ
account for the smeared comidor and partition load. Double click 4
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@l

anywhere along the Office name/pst line to edit the load magnitude
and name as required.

pmu-wuniﬂzi- Ajﬁfij
] Asely Live Lesd Reduction @ [E]
O Assign Al Flesrs
LR Guidelines
I7H == -

» Note: We will not use live load reductions in this example due to the
smear corridor and partition load inclusion.

6. Assign the live load to the entire floor plane similer to that done in step 3.

» Note: Selection of ASSIGN with the mouse pointer will tum off the
display of all other loads and turn on the display of the load to be

assigned.
» Note: The hatched color will be cyan in this case.

7. Select STOP to end working with the occupancy live load.

8. Prepare the exterior wall dead load and name as: EXTERIOR WALL
TYPE 1. The total wall surface load is 73.2 psf.

Finish :Brick Veneer
Sheathing :None

Structure CMULT 8"
insulation ‘Exp Polysty Rigid 1"
Finish :‘None

» Note: Wall surface loads are automatically multiplied by the wall
height, when assigned, to obtain the linear wall ioad in pif.
9. Select ASSIGN and a Tributary Area dialog window will appear.

a. Move the mouse pointer to grid location A-1 and click the left mouse key
to fix the start point of the wall.

b. Move the mouse pointer to grid location D-1 and click the left mouse key
to fix the end point of the wall. A Wall Height dialog window will appeer.

Stating Wol Height:  ([IEXIR_|n
Ending Wall Height: ft

==

» Note: Walis can only be placed paraliel to the N-S or E-W directions.
Diagonal walls can be placed by rotating the ground plane.
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¢. The default floor o floor height of 14 feet will be used for this example.
d. Ciick on OK and the wall will be displayed.

» Note: The cyan color dispiayed is based on the psi load value, not the
pit value.

» Note: All the dead loads, whether point, linear, or distributed, will be
displayed simuitaneously, since we are working with dead loads.

10. Select QK to end work with the wall dead load.
11. This compietes the Assigning of loads for the typical deck, joists, and gird-
ars.

G. Establish slement parameters necessary to design a typical steel open-web
joist.
1. Select STEEL from the Materials (mat'l) pull-down menu.

» Note: It is necessary to select the material before any other element
parameter, since the element type is material dependent.

» Note: A checkmark appears in front of the current material in the
pull-down menu and the material icon will be highlighted.

2. Select OPEN-WEB JOISTS-K from the Surface/Linear system category
pull-down menu in the Loads and Design tool palette. Handles will appear
on all the narrowmly spaced elements.

3. Select any handle and click the left mouse key. The selected element will
be highlighted by a yellow dashed line. The Linear Elements dialog win-
dow will appeer showing the dimensions of the selected element. An addi-
tional window will appeer showing the element attributes. These attributes
include span/depth ratio, approximate depth, typical span range, efficient
span range, and typical depth range.

] Linesr Elements - STEEL: Open-Web Joists - K

Orientationr & O Roof ~~  Floor
o Simple Contin. Simple Contin.

C_] : :
O [_Jw Auwt male & E %—%‘n

© © ® ° Typ. Span Range: [8-60 8- 40 "
Offsets: g %: EH. Spen Range: Esv-as j IZO-M l“
som W5: [ Jn Ewi[TE n | 7 O Qe N o) Jo

I } | J (Gancet]

4. Review the data shown and select GUIDELINES to be prompted with addi-
tional considerations for the element type selected.

» Note: You can add other information for an element type by editing the
GUIDES.CRD file with the Cardfile program. Refer to the CASM Refer-
ence Manual for details.
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5. Three options exist at this point:
a Select CANCEL to end consideration of that element type.

b. Select a different narrowly spaced element type from the SurtLine
pull-down menu.

c. Continue on to preliminary analysis with the present element type se-
lected.
H. Preliminary analysis of a typical steel open-web joist.
1. Establish load combination for analysis.
a Select LOAD COMBINATIONS from the Loads pull-down menu. The

Load Combinations dialog window will appear with a list of the inde-
pendent loads that can be combined.

Name:

Type Facto Type Factor
- i
Live: Seismic:
Snow: Yemporature:  |0.00
Min. Roof LL: S oif 0.00
O Pattesn Occupancy Live Load

E l E......-._! I I & |

» Note: it is necessary to set a factor to a value other than zero to include
that load in the load combination.

b. Select GUIDELINES to review code recommended load combinations
for allowable stress design and strength design methods, as well as
symbol definitions. Click on OK to erase each overlapping window.

Enter a FACTOR of 1.0 next to the Dead and Live load types.
d. Tslect ADD to enter the load combination into the list.

124
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»

»

»

»

Note: The highlighted load combination in the list will be used for the
structural analysie. if several load combinetions are listed, scroll 1o the
deeired load combination.

¢. Do not um on Pattem Occupancy Live Load for this example.

Note: Patterned live load is only of interest for continuous member
anatysis.
f.  Select QK o end selection of load combinations.

2. Select PRELIMINARY from the Design pull-down menu. An Analysisdislog | | -
window will sppeer. '

Unils
Q inches @ Powunds
L O Kins

Bt it

O apsly Live Lead Reduction
[ Pattem Ocoupancy Live Load
J yse Actual Propesties

O pL =Deck + Selt Weight
SDL = All Othes DL

(T Re-Analyze All Adioining Members

(_Guidotines | QX ] [Gancel ]

Note: You must have an element selected and a load combination
selected to periorm a preliminary analysis.

3. Select appropriate options within the Analysis dialog window.
a. Select UNITS of Fest and Pounds.

Verify Load Combination of D+ L is selected.

Do not check APPLY LIVE LOAD REDUCTION.

Do not check PATTERN OCCUPANCY LIVE LOAD.

Do not check USE ACTUAL PROPERTIES.

Do not check DL = DECK + SELF WEIGHT, since the joist is a
noncomposite element.

Do not check RE-ANALYZE ALL ADJOINING MEMBERS.

Select QUIDELINES for information on when to tum on DL = Deck +
Self Weight.

i. Select OK fto continue preparation for analysis of the joist element. A
Connectivity dialog window will appeer, and the left and right ends of the
selecied element will be highlighted on the floor plane.

Note: Selection of CANCEL in any of the Preliminary Analysis dialog
windows will stop the process.

~esaoyo

T e
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Note: Single-acreen users can

at any time zoom and pan the fioor plan

as necessary to view the selected element in the most convenient

location on the display.

4. Select appropriate connectivity options.
a. Crealo a simple joist span by setting the left support as a HINGE and the

right support as a ROLLER
Note: The default connectivity

is for a simpie span.

Note: The nondefaulted hinge and roller options are used for elements
that are continuous over the support.

b. Continuous spanning elements require setting the number of adjacent
spans to the left or right of the single span selected for analysis. Addi-

tional Connectivity dialog windows will appeer to select the adjacent

span support conditions.

Note: The number of adjacent spans to either side cannot be set uniess
a continuous supy;ort type has been selected at that end.

c. Anintemal pin option is available for continuous span conditions and for
single span support conditions with sufficient redundancy. An intemal
Pin dialog window will appear to set the location of each intemal pin.

Note: Combinations of left and right end connectivity cannot be se-
lected that produce instability.

PLF
Span Mid-Range Wt.

Thtl: Fleor or roof

TEET tipea Wes

Estimatod Solf Weight:  [7.0__ | p¥
X update Assa Stiucte Loads
O Add Soif Weight

[Gudeines ] [ gK |@

spen: [24 |n | Next

I Ilevlousl L Close ]
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d. Select QK %o continues with the preliminary analysie. The tributary area for
load on the element will briefly appear on the floor plen
followed by the loads and connectivily diagram for th. =~lected load
combination for analysis. A Self Weight dialog window wii o €0 appeer.

§. Select appropriaie sell weight options.

a Perform option 2 of the following avallable options for insertion of the
clement’s selif weight:

(1) Use the smeared element self weight called "Structure® in floor
deed load type 1. This is an appropriale choice for joists, not the
choice for girders. The plf self weight value is already
shown on the Dead load diagram. Leave the estimated self weight

value in the dialog window as 0.0 pit.
1.00 pead (plf) 7.0
92.0

1.00 Superimposed Dead (pll)[ I l l L 1 l ] 1
140.0

1.out.1v-(pu)l l J. 1 l l 1 ‘l—_l

T ki

24.0 —t

| =

(2) Insert a new estimated pif ssif weight. This is an appropriate
choice for joists, not the appropriate choice for girders.

(@) Select QUIDELINES. A help dialog window for open-web
steel joists will appear with an estimated midrange weight for
the joist span.

(b) Estimale the element’s self weight with guidance from the
weights shown in the help window and type the magnitude
in the pif box.

(c) Chick on CLOSE to erase the heip dialog window from the
display.

(d) Tum on UPDATE AREA STRUCTURE LOADS if you wish the
smeared element self weight, contained in the floor dead
load types, to be replaced with the new estimated value. The
pif value will be automatically converted to a psf value and
its name will be changed to : "est. member weight.” The new
name will make it easy to recognize that the value was
changed.

(3) Add the estimated self weight to the smeared structural dead
load. This is the appropriate choice for beams and girders, but
not for joists.

(a) Follow steps (a) to (c) of option 2.

(b) Tum on ADD SELF WEIGHT.
b. Chick on OK and an Analysis File Name window wiil appear.
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¢. Ris possible to obtain a hardcopy of the pif load diagrams by selecting
PRINT SCREEN from the Flle pull-down menu.
6. Enter the desired ANALYSIS FILE NAME and select YES if the Loads and
Connectivity are correct as displayed.
» Note: The speed of the analysis can be increased by not assigning a
file name; however, no analysis output will be generated for later
review.

» Note: Selection of NO ends the preliminary analysis process.

7. Preliminary analysis of the element begins.

a When analysis is complets the shear, moment and relative deflection
diagrams for the selected load combination will appeer on the display.
Simultaneously, a View Shear, Moment & Deflection dialog window will
appear.

Supasimposed Dead Lead

Shear (1b) I\\

\]

17208.0 -2068.0

e

Moment (1bft) -~
0.0

239.0

Deflection L L ; ‘ {

2068.0 Total Combined Load 2066.0

b. Select any of the loads listed in the dialog window to have its shear,
moment, relative deflection, loads and reactions displayed.

» Note: Analysis is based on default values of E & | = 1.0. Real
deflection values are obtained in spreadsheets after E & | are set.

c. Rt is possible to obtain a hardcopy of the diagrams for any of the load
fypes by selecting PRINT SCREEN from the File pull-down menu.
d. Chick on OKto continue to the preliminary design of the joist.

I. Preliminary design of a typical open-web steel joist.

4-20




FLOOR PRAMING EXAMPLES STRUCTURAL ANALYSIS AND DESIGN

1. Male appropriaie selections within the Excel Deta dislog window.
a The following two options are avellable:

@ Exsoute Excel
, | O Sond Data 1a File
Fils Neme: [DATA.TXT 1}

=)
(1) Select EXECUTE EXCEL to go directly to the Excel open-web
steel joist spreadsheet.

(2) Select SEND DATA TO FILE and enter a FILE NAME to defer de-
sign fo a later dale.

» Note: This is the proper choice if you do not have Excel insiatied or
insufficient memory is availlable to run both CASM and Excel at the
same time. Generally, running Windows in standard or enhanced mode
will provide sufficient memory.

b. Tum on EXECUTE EXCEL.

c. Ciick on OK o continue. The CASM program will become an icon, and
Excel will be executed loading the open-web steel joist design spread-
sheet.

NOTES; _
1. Bar jolst selections based on 1988 8J1 Load Tables.
Edit spreadshest stajsik.xis 10 revise selection table.
2. Approximate moment of inertia of the joist in inches*4 is:
§ = 26.767 (WLL) (L*3) (10*-8), where WLL = Live Load veilue in table;
where L = Span - 0.33 In feet

- Analysis Data from
CASM Preliminary
Analysis

- Prefiminary Bar
Joist selections
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» Note: If there is not enough memory to execute Excel, an error dislog
box wiill appear and you will need to send the data to a file.

» Note: if SEND DATA TO FILE was tumed on, the data necessary to
design the open-web steel joist will be written to the selected file.
Proceed directly to step 3.

2. Design the joist within the Excel design spreadsheet.

a The preliminary design spreadsheet and a portion of the CASM joist
selection table will appear showing iSeries joist sizes which satisfy the
reaction, shear, moment and deflection values for the load combination
analyzed, based on criteria of the Steel Joist institute.

b. Use the scroll bar to view the remaining portions of the spreadsheet.

c. Select CARDFILE from the Guidelines pull-down menu to review addi-
tional factors which may influence the decision-making process. CLOSE
the Cardfile program when finished reviewing the additional factors.

FWe Edit View Card Search Help

|3 Of 21 Cards
0D: & x 2 Trusses

nd Load Options

TEEL: I‘iolled Sections
TEEL: Open-W¥eb Joists - K
pration

onding

oid use as a spandrel

d. Select the lightest joist size.

(1) Select SELECT MEMBER from the Member pull-down menu to
choose the desired joist size. A Member Size Selection dialog win-
dow will appeer.

(2) Click on the 16K2 joist from the list and the selected joist size will
be digplayed in the lower box within the window.

(3) If you sent the data directly from CASM, turn on SEND MEMBER
SIZE TO CASM to send the joist size and data to CASM.

(4) Select OK to insert the joist designation in the CASM Bar Joist Se-
lection line in the lower part of the spreadsheet.

e. Select PRINT SPREADSHEET from the File pull-down menu to obtain a
hardcopy of the spreadsheet.

f. Test the influence of a change in floor finish from carpet to Thin-set
terrazzo without going back to CASM.

» Note: Changes to load, span, or spacing cannot be made on the design
spreadsheet, since its data are obtained from the analysis done in
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CASM. A scratchpad spreadsheet is aveilsble to allow varying any of
the parameters.

(1) Select BAR JOIST from the Scratchpad pull-down menu. A steel
ber joist scratchpad spreadsheet will appeer.

1. ummuumtmuwrm
Ecit spreadeheet stajstc.ide 1o revise selection table.
2. Approximate moment of ineria of the jolst in inchee*d ls:
§ = 26.767 (WLL) (L*3) (10°-8), where WLL = Live Load value In table;
where L = Span - 0.33 in fest

(2) Use the LOADING/FACTORS selection on the Member pull-down
menu of the spreadsheet and change the Superimposed area
dead load to 53 psf to reflect a 7-psf dead load increase. Data
contained in the scratchpad will be recalculated automatically.

(3) Review the changed bar joist sizes and note that the 16K2 still
works.

(4) Select SELECT MEMBER from the Member pull-down menu to
choose the desired joist size. A Member Size Selection dialog win-

(5) Click on the 16K2 joist in the list and it will be displayed in the
lower box within the window.

4-23




STRUCTURAL ANALYSIS AND DESIGN

FLOOR FRAMING EXAMPLES

>3

(6) Select OK to insert the joist designation in the CASM Ber Joist Se-
lection line in the lower part of the spreadsheet.

(7) Selact PRINT SPREADSHEET from the File pull-down menu to ob-
tain a hardcopy of the spreadsheet.

(8) Select RETURN TO PRELIMINARY from the Flle pull-down menu
to resume work in the Design Spreadsheet.

9. Select RETURN TO CASM from the Flle pull-down menu. The Excel
program will be closed.

h. Reactivate the CASM program by selecting RESTORE from the System
menu.

» Note: The joist size and spacing is displayed on the joist series
selected.

3. Proceed to the design of another element or revise the preliminary analy-
sis of the current element as desired.

4. Select CANCEL in the Linear Elements dialog window to end work with the
selected narrowly spaced element and be able to proceed to the design of
the interior rofled shape girder.

5. The following procedure is necessary if SEND DATA TO FILE was selected:
a. SAVE the building project model to a file.

b. Select EXIT from the File pull-down menu to close CASM. Open the
CASM group window in the Windows Program Manager.

S .o @
Input: {*.TXT |

."24":::" txt c:\casm
casm.txt

e
data.tnt

re [ Gowe ]
iramoout.tet (o= ]

gcm.lul &

¢. Execute the SENDXL.EXE program to send the data in a file to the Excel
spreadsheet programs. A Send Data to Excel dialog window will appear.

d. Select the appropriate datafile name from the list and select SEND. The
Send data to Excel program will become an icon and Excel will be
executed. The Open-Web Steel Joist Design Spreadsheet will appeer.

e. Proceed to step |-2 to select a joist size.

f. RESTORE the Send Data to Excel program from an icon after completion
of step 2g.

g. Select another file to send to Excel or CLOSE the program window.

h. Execute CASM fo design another element.

J. Establish element parameters necessary to design a typical interior steel
girder.

1. Steel should still be the selected material.
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2 Select from the SuriLine sysitem calegory pull-down
menu. appeer on all the widely spaced elements.

3. Select the girder on gridiine 2 between grids B and C. The selected ele-
ment will be highlighted by a yellow dashed fine. The Lineer Elements die-
log window will appear showing the dimensions of the selected element.
mmmmmumm

v

O [ In
0r 0w 0« G-

Ot  [Ow .
o |
l.-:n-s:Fln W

O

L_] L) (gun]
4. Review the deta shown and select GUIDEL INES to be prompted with addi-
tional coneiderations for the slement type selected.

» Notle: Two element attributes disic ;} windows exist for steel rolled
shapes: one for beams and the other for girders. Click on the visible
porttion of the hidden disiog window to view the hidden window.

5. Three options exist at this point:
a. Select CANCEL to end consideration of that element type.

b. Select a different widely spaced slement type from the Surf/Line pull-
down menu.

c. Continue on o preliminary analysis with the present element type se-
lected.

K. Preliminary analysis of a typical interior girder.

1. Select PRELIMINARY from the Design pull-down menu. An Analysis dialog
window will appesr.

2. Select approprisie options within the Analysis dialog window.

Select UNITS of Feet and Kips.

Verlly Load Combination of D+ L is selected.

Do not check APPLY LIVE LOAD REDUCTION.

Do not check PATTERN QCCUPANCY LIVE LOAD.

Do not check USE ACTUAL PROPERTIES.

Do not check DL = DECK + SELF WEIGHT, since the grder is a
noncomposite slement.

Do not check RE-ANALYZE ALL ADJOINING MEMBERS.

Select QK to continue prepasation for analysis of the girder element. A
Connectivity window will appees, and the left and right ends of the
selected slement will be highlighted on the floor plane.

3. Select appropriale connectivity options.

a Cresle a simple girder span by setting the left support as a HINGE and
the right support as a ROLLER. -

~oaopoe

Fe
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b. Select OK to continue with the prefiminary analysis. The tributary area for
load calculations on the element will briefly appeear on the floor plan
followed by the loads and connectivity diagram for the selected load
combination for analysis. A Self Weight dialog window will also appeer.

4. Select appropriate self weight options.
a. Add the estimated self weight to the smeared structural dead load.

(1) Select GUIDELINES. A help dialog window for Steel: Rolled Sec-
tions - Beams will appear with an estimated midrange weight for
the girder span.

Total Load (psF/klf)
30 60 180 158 200 250
Span .3-.05 6-.9 1.81.5 1.5-2.25 2.8-3.8 2.5-3.7%

20° W0 1S (W12 22] WA 26 W16 36 W9 A6 e SS
25° W12 22 [W6 26) [w16 36] w2t S& w21 57 w21 73

Notes: 1. Assumed steel strength Fy=36 ksi (A36 steel)

. Hax. assumed allowable bending strength Fb=22 ksi
. Deflection limit was 1/360 for total load

. [] represents beam depths which satisfy 1728

. Beam spacing range assumed: 18 to 15 feet

Span:En l Next I [ Prevlou:l l Close I

(2) Estimate the element’s self weight with guidance from the weights
shown in the help window and type the magnitude in the pif box.

» Note: Add the load values shown on the display to arrive at an
approximate total load to find the appropriate load range within the
help window. Once a ki total load column Is identified, choose an
element weight close to the actual span. Estimate the self weight to be
57 plf for this case.

(3) Click on CLOSE to erase the help dialog window from the display.
(4) Turm on ADD SELF WEIGHT.
(5) Tum off UPDATE AREA STRUCTURE LOADS.

b. Click on OK and an Analysis File Name window will appear. The kif load
shown on the dead load diagram will be updated to include the estimated

self weight.

ViGN

1.00 Dead (klf) 0.14

1.10
1.00 Superimposed Dead (x1f) | ! I 1 1 1 I 1 ]

1.68

1.00 Live (klf) 1 l l l 1 l l I 1
Lﬁ 24.0 ?
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S. Enter the desired ANALYSIS FILE NAME and select YES ¥ the Loads and
Connaectivity are comect as displayed.

6. Preliminary analysis of the element begins.
a When analysis is complete, the shear, moment, relative deflection, loads

b.

C.

and reactions diagrams for the selected load combination will appeer on
the display. Simultaneously, a View Shear, Moment & Deflection dialog
window will appeer.

35.1

shear (k) I\

210.6 -35.1

Moment (KEt) /——\

0.0 0.0

2.92

Deflection

35.10 Total Combined Load 35.10

Select any of the loads listed in the dialog window to have its shear,
moment, relative deflection, loads and reactions displayed.

Click on OK to continue to the preliminary design of the girder.

L. Preliminary design of a typical girder.
1. Make appropriate selections within the Excel Data dialog window.
a This time, tum on SEND DATA TO FILE and change the FILE NAME to

b.

BEAM1.TXT.

Click on OK to continue. The data necessary to design the steel girder
will be written to the selected file.

2. Send the girder data file to Excel outside of CASM.
a Select CANCEL in Linear Elements dialog window; then SAVE the build-

b.

c.

d.

ing project model to a file called STRUCT1.BLD.

Select EXIT from the File pull-down menu to close CASM. Open the
CASM group window in the Windows Program Manager.

Execute the SENDXL.EXE program to send the data in a file to the Excel
spreadsheet program. A Send Data to Excel dialog window will appear.

Select the data file name BEAM1.TXT from the list and select SEND. The
Send data to Excel program will become an icon and Excel will be
executed. The Steel Beam Design Spreadsheet will appear.

3. Design the girder within the Excel design spreadsheet.
a. The Preliminary Design Spreadsheet will appear, including a portion of

the CASM beam selection table which shows wide flange sizes that
satisfy the reaction, shear, moment and deflection values for the load
combination analyzed.

>3
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Notes:
1. Sieel beam properties from ASD - AISC Steel Construction Manual, Sth edilon

b. Use the scroll bar to view the nonvisible portions of the spreadsheet.

c. Other system factors that may influence your selection can be found in
CARDFILE from the Guidelines pull-down menu. CLOSE the Cardfile
program when finished reviewing the additional factors.

= I TR |- |
Eile Edit View Card Scarch Help
Card View le]e] 21 Cards

{00D: Glu-1an
WOOD: & x 2 Trusses
Mind Load Options

[STEEL: ®oof Deck
TEEL: Rolled Sections
y require fire proofing encasement.
trength improved by Fy = 50 ksi steel.
aonsider composite for depth reduction.
pandrel members supporting masonry
require total load deflection control =
of L/608. —
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d. Sel the depth lmit by using the Member pull-down menu 10 21.5 inches
and select the lightest steel beam size. Based on the depth imit, the
ighlest section is @ W21x57.

(1) Select SELECT MEMBER from the Member pull-down menu fo
choose the desired beam size. A Member Size Selection dialog
window will appeer.

(2) Click on the selected beam in the list and the selected beam size
will be displayed in the lower box within the window.

(3) Tum off SEND MEMBER SIZE TO CASM since the data was not
sent directly from CASM.

(4) Select OK to insert the beam designation in the CASM Beam Se-
lection line in the lower part of the spreadsheet.

e. Select PRINT SPREADSHEET from the File puli-down menu to obtain a
hardcopy of the spreadsheet.

t Testll\omﬂooofaclwehﬂoorﬂnhhfromcapdtomn-w
terrazzo without having to go back to CASM.

» Note: Changes to icad, span or spacing cannot be made on the
preliminary design spreadsheet, since its data are obtained from the

analysis done in CASM. A scratchpad spreadsheet is available to allow
varying any of the parameters.

(1) Select STEEL WIDE FLANGE from the Scratchpad puli-down
menu. A steel beam scratchpad spreadsheet will appear.

e

wisxeo
W2ixs?
Wiex74
Wisxe7

1. Steel beam properies Fom ASD - ARSC Sieel Conetrucion Manual, 9 edion
2 Momenis and shears are based on undiorm loads or EUL.
3 The moment faciors for the differert end condilions are:

% Poslive Moment Negaiive Mornent
Shvple (8) 128w *2 []

Two 8pen (D) : 1028wl 2 J2Bwlr2
Contiruous (C) : 1019wl r2 107wl A2

Ped (F) : Od1Twire 0833w 2
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(2) Using the LOADS/FACTORS option on the Member pull-down
menu, change the Superimposed area dead load to 53 pst to re-
flect a 7-pst dead load increase. Deta contained in the scratchpad
will be recaiculated automatically.

(3) Set the depth limitation to 21.5 inches using the Member pull-
down menu.

(4) Review the changed beam sizes in the Beam Selection Table and
select the lightest section as the W18x685.

(5) Select SELECT MEMBER from the Member pull-down menu to
choose a desired beam size. A Member Size Selection dialog win-
dow will appear.

{6) Click on the selected beam designation in the list and the se-

lected beam size will be displayed in the lower box within the win-
dow.

(7) Select OK to insert the beam designation in the CASM Beam Se-
lection line in the lower part of the spreadsheet.

(8) Select PRINT SPREADSHEET from the File puil-down menu to ob-
tain a hardcopy of the spreadsheet.

(9) Select RETURN TO PRELIMINARY from the File pull-down menu
to resume work in the Design Spreadsheet.

g- Select RETURN TO CASM from the File puli-down menu. The Excel
program will be closed.

4. Retumn to the CASM program.
a. CLOSE the SendXL program.

b. Execute CASM and load the building project model STRUCT1.BLD. The
last view of the floor plane will be displayed on the screen.

c. You are now able to continue to the design of another element.

M. Establish element parameters necessary to design a typical spandre! steel
girder.

1. Steel should still be the selected material.

2. Select ROLLED SECTIONS from the Surface/Linear system category pull-
down menu.

3. Select the spandrel girder on gridline 1 between grids B and C.

4. Review the data shown an< select GUIDELINES to be prompted with addi-
tional considerations for the element type selected.

5. Continue on to preliminary analysis with the present element type selected.
N. Preliminary analysis of a typical spandrel girder.

» Note: The exterior wall weight will be included in the superimposed
dead load magnitude.

1. Select PRELIMINARY from the Design pull-down menu.
2. Select appropriate options within the Analysis dialog window.
a. Select UNITS of Feet and Kips.

b. Verify Load Combination of D+ L is selected.
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Do not cheok APPLY LIVE LOAD REDUCTION.
Do not check PATTERN OCCUPANCY LIVE LOAD.
Do not check USE ACTUAL PROPERTIES.
Do not check DL = DECK + SELF WEIGHT , since the girder is a
noncomposite element.

9. Do not check RE-ANALYZE ALL ADJOINING MEMBERS.

h. Select QK to continue preparation for analysis of the girder element.
3. Select appropriale connectivity options.

a. Create a simple girder span by setting the left support as a HINGE and

the right support as a ROLLER

b. Select OK to continue with the preliminary analysis.
4. Select appropriate self weight options.

a Add an estimated self weight of 57 plf to the smeared structural dead
load. This magnitude was estimated based on a summation of the loads

shown on the display (approximalely 2.4 kif) and the span of 24 feet.

T~ e a0

1.00 Dead (k1f) 0.10

1.00 Supecimposed Dead (klf)l 1 1 1 1 I l l J

0.64
1.00sive (x16) 1 T T 1T T I ] ]

j AP 24.0 ‘lk

b. Click on OK to continue.
5. Enter the desired ANALYSIS FILE NAME and select YES if the Loads and
Connectivity are comrect as displayed.
| 6. Preliminary analysis of the element begins.
‘ a. When analysis is complete the shear, moment and relative deflection
diagrams for the selected load combination will appear on the display.

30.2

Shear (k) I\
1911\|

-30.2
Moment (K£t) ////,z/’,~——*-—-__-\\\\\\\\.

0.0 0.0

2.352

Deflection

30.19 Total Combined Load 30.19
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b. Select any of the loads listed in the dialog window to have its shear,

c. Click on OK to continue to the preliminary design of the spandrel girder.
0. Preliminary design of a typical spandrei girder.
1. Make appropriate selections within the Excel Deta dialog window.
a Choose one of the following two options :
(1) Select EXECUTE EXCEL to go directly to the Excel stesl beam

spreadsheet.
(2) Select SEND DATA TO FILE and enter a FILE NAME to defer de-
sign to a later date.

» Note: This is the proper choice if you had difficulty in running Excel
from CASM. Follow the procedure described in step L-2 to pass the
data on to Excel.

b. Click on OK to continue.
2. Design the spandrel girder within the Excel design spreadsheet.
a The Preliminary Design Spreadsheet will appeer.
b. Use the scroll bar to view the nonvisible portions of the spreadsheet.
¢. Use CARDFILE to review factors that may influence your decisions.

» Note: Spandrel members supporting brick masonry shall have their
total load deflection limited to L/600.

d. No depth limit is required for the spandrel girder; however, set the TOTAL
DEFL to 600. The W24x55 is the lightest steel beam size displayed in the
selection table.

(1) Select SELECT MEMBER from the Member puil-down menu to
choose the desired beam size.

(2) Click on the selected beam in the list.

(3) Turn on SEND MEMBER SIZE TO CASM if the data was sent di-
rectly from CASM.

(4) Select OK to insert the beam designation in the CASM Beam Se-
lection line in the lower part of the spreadshest.

e. Select PRINT SPREADSHEET from the File pull-down menu to obtain a
hardcopy of the spreadsheet.

f. Select RETURN TO CASM from the File pull-down menu. The Excel
program will be closed.

g. lf you activated Excel through CASM, reactivate the CASM program by
selecting MAXIMIZE from the System menu if you are using a dual-
screen workstation. Select RESTORE if you are using the single-screen
workstation.

» Note: If data were sent to a file, re-execute CASM and load your
previous project data file.

3. Proceed to the design of another element or revise the preliminary analy-
sis of the current element as desired.
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4. Select CANCEL in the Lineer Bemenis dislog window 10 end work with the
selected widely spaced element and 10 be able 1o proceed o the design
of the metal form deck.

P mmmmgommmumm.

1. Sieel shouid sl be the selected maderial.

2. Select FORM DECK from the Surface 1-Way types contained in the
SuriLine sysiem calegory pull-down menu. Handles will appeer on the
one-way surface element symbols.

3. Select the handie within the bay between the grids Bio Cand 110 2.

4. Review the two attribute dislog windows shown and select
o be prompted with additional considerations for the element type se-
lected.

Ovientationr O N5 @ W : i

Moa: [5760 Jsan [ €11.] Tom. Span Range: 26 n

Maniowmm span: h Typ| EN. Span Ranga: Il 6 l |2 4 I
Typ. Depth Rangs: [2-172 ta 5 (172" inc) |

|Sd.el0lhul.oedion ||6m|

§. Continue on to preliminary analysis.
Q. Preliminary analysis of the metal form deck alone.
1. Change the current load combination for form deck analysis to dead load
only.
» Note: The wet concrete and the deck weight are the only loads acting
on the form deck.
a. Change the LIVE load FACTOR to 0.0. The dead load factor is currently
1.0.

b. Select ADD to add the dead only combination to the list and make it
current.

c. Click on OK to end working with load combinations.
2. Select PRELIMINARY from the Design pull-down menu.
3. Select appropriate options within the Analysis dialog window.
a. Select UNITS of Feet and Pounds.
Verity Load Combination of D is selected.
Do not check APPLY LIVE LOAD REDUCTION.
Do not check PATTERN OCCUPANCY LIVE LOAD.
Do not check USE ACTUAL PROPERTIES.
Do not check DL = DECK + SELF WEIGHT , since the form deck is a
noncomposite element.

~o Q00

I

il
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g- Do not check RE-ANALYZE ALL ADJOINING MEMBERS.
h. Select OK to continue preparation for analysis of the form deck element.

The Decking Analysis dialog window will appeer instead of the connec-
tivity dialog window. The deck spans will be numbered across the bay,

and one edge will be highlighted yellow on the display.
Nusberof Spans: O1 O 2 @23
Distance From Edge: lt
Starting Span Humbes: [j:
O Inciude Superimposed Dead Load

G () (=)

4. Select appropriate decking analysis options.
a. Select the appropriate number of spans as three.
b. Locate the position of the typical 1-foot strip for analysis.

(1) The distance from the highlighted edge to the centroid of the
1-foot strip is defauited to the center of the bay and is shown in
the dialog window as 12.0 feet. This distance can be changed to
re-position the 1-foot strip where desired.

(2) Select the Starting Span Number of the three spans to be ana-
lyzed. This positions the three spans within the bay along the 1-
foot strip.

c. Review GUIDELINES for information on whether to include superim-
posed dead load.
d. Tum off INCLUDE SUPERIMPOSED DEAD LOAD.
e. Select OK to continue with the preliminary analysis.
5. Enter the desired ANALYSIS FILE NAME and select YES if the Loads and
Connectivity are correct as displayed.

L)
1 00 Dead (pif3 - ,J_-

h

T. 7. 7.7

» Note: Connectivity is automatically set so the first support is a hinge
and all remaining supports are rollers. Thus, the deck is continuous
over the three spans.

6. Preliminary analysis of the element begins.

a. When analysis is complete the shear, moment and relative deflection
diagrams for the selected load combination will appear on the display.
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b. Select any of the loads lsled in the dislog window 10 have iis sheer,

momaent, relative deflection, loads and reactions displayed.
» Note: For this anaiysis there is only one individual load type.

RV

1.2 0.407.0.56 056 0.40 12
l 5
0.0 o0

Moment (- lbs)

-14.0-140 -14.0-140
350

Detecton MLJ_LM
200 17Total Combined Load: D o 268.0

c. Cilick on OK to continue to the preliminary design of the form deck alone.
R. Preliminary design of the metal form deck alone.

1. Select /1628 GA form deck. Refer to section O.1. through O.4. for use
of the Preliminary Design spreadsheet.

STEEL FORM DECK PRELIMINARY DESIGN
Load and Analysis Data:
Method: Analysis ___Load Combination. D
Member ID: | Fectored Moment (ib) _JFaciored Reaction
Connectivity: Beam (Lel) | LoadType | Let | Mid | Right | Leftib) [Right(b)
Beam (RighY Dead 14 i}] 14 L7 42
Deck Span: 201 Sup Dead
TribWidth=  12.0 in Live
DepiLimit=_ 1.0 in. max Lmin Roof
Fy= 330 ksi Snow
Fb= 200 ksi Windl
Fve 132 ksi Summaeary 11 14} 42 42
€ = 29.000 ksi Fire Reting _ 1.00  Hrs
Live Ld Defl= L7240 =0.10in| Depth E D D Min thickness ebove deck:
Total Defl= Lf180 =0.13in|Load #1: Dack+Slab+20pst 350 inches
CASM Sleb Design: Load #2. Deck+Slab+150# Reqd depth: [ 450 Jinches
i “.5_.50 in Reqd As= 0.002 in"2
225 in Selected WWF: bExb-W1 4HW1 4
14 b Mu=_280.9059 b
Form Deck Code Load Combinations:
load | Fb M+ M- Sx+ Sx- be
Case sf) _|Fector| (Hb) | (Hb) | (in.3) (in.3) (in.4)
Simple Span]| #1 865| 100] 432 0.026 0006
1 #2 66.5] 1.33] 108.2 0.049 0.011
Maximums: 108.2 0.049 0.011

S. Save the scheme 1a project data file as SCHEME1A.BLD.
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A. OPEN the scheme 1a datafile name: SCHEME1A.BLD.The steps contained
in A through D for scheme 1a are the same.

8. Draw Structure.
1. Select the DRAW STRUCTURE tool palette.

2 Delete the narrowly spaced elements within the center bay, which is
bounded by grids B and C between grids 2 and 3.

a Select DELETE STRUCTURE from the Edit pull-down menu. Handles wilt
appeear on each structural element to delete.

» Note: Only one handie will appear for a series of elements within a bay.
it is not possibie to delete a single element within a series of elements.

b. Select the joist handle contained in the center bay and all the joists will
be removed from the display.
¢. Double click the right mouse key to exit the delete structure command.

3. Insert narrowly spaced elements spanning in the east/west direction within
the center bay spaced at 24 inches on center. Tum on DRAW SURFACE
to insert a one-way surface of metal form deck and concrete fill above the
joists.

» Note: Since the joists run paraliel to the interior girder, which we intend
to design, a surface element needs to be drawn across the rectangle
of space in between the girder and the adjacent paralie! joist so that
the rectangle is not interpreted by CASM to be an opening.

C. The independent load cases are the same as for scheme 1A.

1. Select the LOADS AND DESIGN tool palette.

D. Establish element parameters necessary to design a typical interior steel
girder.

1. Steel should stili be the selected material.

2. Select ROLLED SECTIONS from the Surface/Linear system category puli-
down menu.

3. Select the typical interior girder on gridiine 2 between grids B and C.

4. Review the data shown and select GUIDELINES to be prompted with addi-
tional considerations for the element type selected.

5. Continue on to preliminary analysis with the present element type selected.
E. Preliminary analysis of a typical interior girder.
1. Use the dead + live load combination for analysis.
2. Select PRELIMINARY from the Design puli-down menu.
3. Select appropriate options within the Analysis dialog window.
a. Select UNITS of Feet and Kips.
b. Verify Load Combination of D+ L is selected.
¢. Do not check APPLY LIVE LOAD REDUCTION.
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d. Do not check PATTERN OCGUPANCY LIVE LOAD.
e. Do not check LSE ACTUAL PROPERTIES.

. Do not check DL= DECK+ SELF WEIGHT , since the girder is a
noncomposite slement.

9. Do not check RE-ANALYZE ALL ADJOINING MEMBERS.

h. Select QK to continue preparation for analysis of the girder element.
4. Select appropriale connectivity options.

a. Creale a simple girder span by setting the left support as a HINGE and

the right support as a ROLLER

b. Select QK 1o continue with the preliminary analysis.
5. Select appropriate self weight options.

a Add an estimaled self weight of 36 pif fo the smeared structural dead

load. This magnitude was estimated based on a summation of the loads
shown on the display (approximately 1.56 kif) and the span of 24 feet.

1.00 Dead (klf) 0.08

0.60
1.00 Supecimposed Dead (klt) l I l I I l 1 1 1

vose ao [T T LT T T 1
T | by

(X3
-
(-]

b. Click on OK fo continue.

6. Enter the desired ANALYSIS FILE NAME and select YES if the Loads and
Connectivity are correct as displayed.

7. Preliminary analysis of the element begins.

a When analysis is complete the shear, moment, relative deflection, loeds
and reaction diagrams for the selected load combination will appess on
the display.

19.1

Shear (k) l\

114.4

' -19.1
Moment (X£t) 4"/,//—f—,——’—"—"‘-“-\\\\\\\\\\\

0.0 0.0

1.59

Deflection

19.07 Totel Combined Load 19.07
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b. Select any of the loads listed in the dialog window to have its sheer,
moment, relative deflection, loads and reactions displayed.

¢. Click on OK to continue to the preliminary design of the typical interior
girder.
F. Preliminary design of a typical interior girder.
1. Make appropriale selections within the Excel Deta dialog window.
a.  Choose one of the following two options :

(1) Select EXECUTE EXCEL to go directly to the Excel steel beam
spreadsheet.

(2) Select SEND DATA TO FILE and enter a FILE NAME to defer de-
sign to a laler date.

» Note: This is the proper choice if you had ditficuity in running Excel
from CASM. Follow the procedure described In step L-2 of scheme 1A
to pass the data on to Excel.

b. Click on OK to continue.
2. Design the interior girder within the Excel design spreadsheet.
a The Preliminary Design Spreadsheet will appeer.
b. Use the scroll bar to view the nonvisible portions of the spreadsheet.
c. Lse CARDFILE to review faciors that may influence your decisions.
d. Using the Member puli-down menu, set the depth imit to 22.5 inches.

The W16x40 is the lightest steel beam size displayed in the selection
table.

» Note: This selection has a self weight greater than estimated by 4 pif.

(1) Select SELECT MEMBER from the Member pull-down menu to
choose the desired beam size.

(2) Ciick on the selected beam in the list.

(3) Tum on SEND MEMBER SIZE TO CASM if the data was sent di-
rectly from CASM.

(4) Select OK to insert the beam designation in the CASM Beam Se-
lection line in the lower part of the spreadsheet.

e. Select PRINT SPREADSHEET from the File pull-down menu to obtain a
hardcopy of the spreadsheet.

f. Select RETURN TO CASM from the File pull-down menu. The Excel
program will be closed.

g. i you activated Excel through CASM, reactivate the CASM program by
selecting MAXIMIZE from the System menu if you are using a dual-
screen workstation. Select RESTORE if you are using the single-screen
workstation.

» Note: If data were sent to a file, re-execute CASM and load your
previous project data file.

3. Proceed to the design of another element or revise the preliminary analy-
sis of the current element as desired.
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4. Select CANCEL in the Linear Hements dialog window to end work with the
selecied widely spaced element and to be able to proceed to the design
of other slement types.

G. investigate the influence of a partition ioad perpendicular to the narrowly

spaced elements in the center of the center bay. 1
1. Prepare a partition load based on the following components: 6
» Type over the previous exterior wall data and select ASSIGN.
Name : Partition
Type pst
Finish : Gypboard 5/8" 3.1
Sheathing H 0.0
Structure : Stl Stud 16ga 4%@16 1.1
Insulation : 0.0
Finish : Gypboard 5/8" 3.1
Total : 7.3

2. ASSIGN the load to the center of the center bay and perpendicular to the
joist span. Set the wall height to 12 feet in the Wall Height dialog window.

3. Select OK to end working with wall dead loads.

4. Establish the parameters upon which analysis can be performed.
a Select material: STEEL.
b. Select component from the Surface/Linear pull-down menu: NARROWLY I

SPACED : OPEN WEB JOISTS - K and click on one of the handles in the
center bay.

Review dala in dialog windows and Guidelines.
. Continue on to Preliminary Analysis.
5. Prelmlnuyhulysisofheopen—webstedlolst
Select load combination: Dead + Live.
Select PRELIMINARY from the Design pull-down menu.
Select units: FEET and POUNDS. i
Veriiy L.oad Combination of D+ L . - -
Do not check APPLY LIVE LOAD REDUCTION.
Do not check PATTERN OCCUPANCY LIVE LOAD.
Do not check USE ACTUAL PROPERTIES.
Tum off DL=_ DECK + SELF WEIGHT.
Do not check RE-ANALYZE ALL ADJOINING MEMBERS.
Select connectivity: simple span : HINGE and ROLLER
Estimate self weight: 0.0 pit.
»  Note: Joist weight was smeared into the floor dead |- ~d.

. Review loads and connectivity displayed.
» The partition load is displayed as a concentrated load at midspan.

m. Enter an appropriate analysis file name.

a o
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n. Review the shear, moment, relative deflection, loads and reaction dia-
grams on the display for any of the load cases shown in the window.

6. Preliminary Design of the open-web steel joist.
a Make appropriate selections within the Excel Deta dialog window.

b. Design the open-web steel joist within the Excel Preliminary Design
spreadsheet.

(1) Set depth kimit: 24 inches.
(2) Set deflection fimits: Total L/240, Live L/360.
c. Make member selection; 16K2
» Note: The joist size is the same as without the concentrated partition
load In scheme 1a and Is at the defiection and aliowable moment limit
for this joist size.
d. Select RETURN TO CASM from the File pull-down menu.
7. Retum te the CASM program.
H. Save the scheme 1b as fllename: SCHEME1B.BLD.
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A. OPEN the scheme 1a datafile name: SCHEME1A.BLD.The steps contained
in A thwough D for scheme 1a are the same.

B. Draw Structure.

1. Select the DRAW STRUCTURE tool palette.
2 Delete all the nasrowly spaced elements.

3. Insert widely spaced elements at third points spanning in the east/west di-
rection within the center bay.

» Make sure DRAW SURFACE Is not tumed on if there aiready is a
surface drawn in the bay.

4. Insert widely spaced elements at third points spanning in the north/south
direction in the bay bounded by grid lines B-C and 1-2.

5. lnsortaono-waysuﬂaced:owmebm

‘5—24 o—qu o—qu 03
m -mg 1-¢~«‘

Oriemtationr ® NS OEwW N} . _. ' 1

Arox 783 Jemn "
Waninams span: |I"" [ ] —_

(aeve ] (gomeu]

Z25.0

» Note: A surface must be drawn over widely spaced elements which are
contained between grid lines since they are not assumed to have a
surface transferring load to them.

C. Develop the independent load cases for this construction type.

1. Select the LOADS AND DESIGN tool paletie.
2 Delete the Floor Type 1 Assigned dead load.
a Tum on SHOW DEAD loads to view current assigned dead loads.

» Note: Only displayed loads can be deletec.

b. Select DELETE LOAD from the Edit pull-down menu. Handles appear at
the centroids of all assigned dead loads.

c. Select the appropriate handle to delete Floor Type 1 dead load. The load
type will disappeer from the display and handles will appear on any
remaining dead loads to delete.

» Note: The Floor Type 1 dead load has only been removed from the
butliding model. it still exists in the floor dead ioad list.

R |
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d. Double click the right mouse key to stop deleting loads.
3. Prepare the dead load based on the given load list and floor construction

cross section.
Name :Foor Type 2
Partition ‘None
Finish :Carpet & Pad
Deck :MTL DK 3.0/ LTWT 25
Structure :Steel Beams 0.0 psf
Mechanical :3.0 psf
Blectrical :1.0 psf
Fire Protection  :Sprinkiers Wet 4.0 psf

:Suspended Channel/Tile

Ceiling
4. ASSIGN Foor Type 2 over the entire floor area.
5. Select STOP to end working with floor dead loads.

6. The given live load has not changed from scheme 1 and is still assigned to
the entire floor.

Establish element parameters necessary to design the typical third point
beams within the center bay.

1. Select material: STEEL.

2. Select component from the Surface/Linear pull-down menu: WIDELY
SP?,CED:FDLLEDSECTIONSmd click on one of the handles in the cen-
ter bay.

3. Review data in dialog windows and Guidelines.

4. Continue on to Preliminary Analysis.

E. Preliminary Analysis of the third point beam.

1. Select load combination: Dead + Live.

2. Select PRELIMINARY from the Design puli-down menu.

a

@ ~o 000

Select units: FEET and KIPS.
Verify Load Combination of D+ L.

Do not check APPLY LIVE LOAD REDUCTION.

Do not check PATTERN OCCUPANCY LIVE LOAD.

Do not check USE ACTUAL PROPERTIES.

Tum off DL = DECK + SELF WEIGHT.

Do not check RE-ANALYZE ALL ADJOINING MEMBERS.

3 Selectconnecﬁvuy simple span : HINGE and ROLLER
4. Estimate self weight: 26.0 pif.

Estimeted Self Weight:  [26.0 |
Update Area Structwre Loads
03 Add Selt Weight

Guidelines oK I fancel I .

Note: Beam weight was not smeared Into the floor dead load.
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5. Tum on UPDATE AREA STRUCTURE LOADS.

» Note: This will smear the estimated beam weight into the fioor type 2

area load.

6. Review loads and connectivity displayed.
7. Enter an appropriale analysis file name.

8. Review the sheer, moment, relative deflection, load and reaction diagrams
on the display for any of the load cases shown in the window.

1.4

shear (k) l\
/_‘11\\;]“
Homent (ktt) N
8.0

.
0.9

tetlection
—

11.3% Total Combined Load 11.38

F. Preliminary Design of the third point beam.

1. Make appropriate selections within the Excel Data dialog window.
2. Design the third point beam within the Excel Preliminary Design spread-
sheet.

a Set depth limit: 22.5 inches.

b. Set deflection limits: Total L/240, Live L/360.

c. Make member selection: W16x26.

d. Select RETURN TO CASM from the File puil-down menu.
3. Retumn to the CASM program.

G. Establish element parameters necessary to design the typical interior

column line girder along grid 2 between grids B and C.
1. Select material: STEEL.

2. Select component from the Surface/Linear puil-down menu: WIDELY
SPACED : ROLLED SECTIONS and click on the handle on grid line 2.

3. Review data in dialog windows and Guidelines.
4. Continue on to Preliminary Analysis.
H. Preliminary Analysis of the typical interior girder.
1. Select PRELIMINARY from the Design pull-down menu.

a

«~oaog

Select units: FEET and KIPS.

Verify Load Combination of D+ L .

Do not check APPLY LIVE LOAD REDUCTION.

Do not check PATTERN OCCUPANCY LIVE LOAD.

Do not check USE ACTUAL PROPERTIES.

Tum off DL =_DECK + SELF WEIGHT.

Do not check RE-ANALYZE ALL ALVOINING MEMBERS.
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»

»

»

»

2. Select connectivity: simple span : HINGE and ROLLER

4,

5.
6.

Note: The calculation of reactions of the perpendicular beams which
frame into the girder are performed automatically. The self weight of
the perpendicular beams Is included in the updated floor type 2 area
dead load.

Note: Simpie span connectivity assumptions are used when automatic
caiculation of beam reactions are performed.

Note: The display will highlight the tributary areas concurrent with the
calculation of beam reactions.

Estimate self weight: 45.0 pif.

Note: The estimated beam weights shown in the heip window are
based on uniform loads. No help s available for concentrated icads
along a span, and an educated guess is required.

Review loads and connectivity displayed.

0.31 0.31
1.00 Dead (klf) 0.06 A 0.06 Y Q.06
4.32 4.32

0.1 0. .
1.00 Superimposed Dead (k1lf) 8 18 0.18

6.72 6.72

0.28 0.28 0.28
1.00 Live (k1l§) P S 2 4 3

Enter an appropriate analysis file name.

Review the shear, moment, relative deflection, load and reaction diagrams
on the display for any of the load cases shown in the window.
17.6

1

)
J

24.0

Shear (k)

————
128.1 T17.6
//__—ﬁ
- ~
e ~
Moment (kft) -~ S
0.0 0.0
11.35 11.35
. n.s2 0.52 0.52
Peflection
——— v ———

17.57 Tntal Comhined Lnad 17.57

Prefiminary Design of the typical interior girder.

1.

Make appropriate selections within the Excel Data dialog window.

2. Design the typical interior girder within the Excel Preliminary Design

spreadsheet.
a.  Set depth limit: 22.5 inches.
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b. Set deflection limits: Total L/240, Live L/360.
¢. Make member selection: W18x40.
d. Select RETURN TO CASM from the Flle pull-down menu.
3. Retum to the CASM program.
. J. Save the scheme 2a as filename: SCHEME2A.BLD.

A. OPEN the scheme 2a datafile name: SCHEME2A.BLD.The steps contained
in A through D for scheme 2a are the same.

B. Craw Structure. ‘ "" :t:I
1. Select the DRAW STRUCTURE tool palette. -

2. Insert widely spaced elements at third points apanning in a checkerboard
fashion to the left and to the right of the currently framed bays.

3. insert a one-way surface above the beams within the four bays added in
step 2.

[T

®z4.0 24.0@24.0@

Orientation: O NS ® E-w |24

4. Insert girders along grid line 2 between grids A to B and C to D. |

» Note: You must ingert girders between column lines (supports). Do
not assign girder continuous from grid line A to D.

C. The same assigned independent load cases apply as for scheme 2A.

D. Establish element parameters necessary to design grid line 2 as a continu-
ous girder for three spans.
1. Select material: STEEL. I
2. Select component from the Surface/Linear pull-down menu: WIDELY

SPACED : ROLLED SECTIONS and click on the left bay along grid fine 2
between grids A and B.
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i+
i

. -

»

»

E. Preliminary Analysis of the three-span continuous girder line.

»

»

Note: The shears, moments and deflections of the initial span selected
will be passed on to the preliminary design spreadsheet.

Note: The left end span has been selected for analysis since it will
produce the maximum negative and positive moments as well as the
maximum deflection for a three-span continuous beam.
3. Review data in dialog windows and Guidelines.
4. Continue on to Preliminary Analysis.

1. Select load combination: Dead + Live.
2. Select PRELIMINARY from the Design puli-down menu.

a

@ ~p a0y

Select units: FEET and KIPS.

Verify Load Combination of D+ L .

Do not check APPLY LIVE LOAD REDUCTION.

Do not check PATTERN OCCUPANCY LIVE LOAD.

Do not check USE ACTUAL PROPERTIES.

Tum off DL = DECK + SELF WEIGHT.

Do not check RE-ANALYZE ALL ADJOINING MEMBERS.

3 Select connectivity for the continuous three spans as follows:

(=) b
zq .ozq.n@zuag

4

' |$>|“T“$>l§>i+§>1
e

O internat Pin

a. Select a hinge for the left end of the highlighted left span and a roller for

a continuous beam at the right end.

b. Set ADJACENT SPANS = 2 to the right side of the initial span selected.

Note: If the number of drawn adjacent spans is less than the number
set, an error message will appear.

Note: If the number of adjacent spans is set to zero, and you have
selected a continuous support, CASM will search for a cantilevered
support location.
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» Note: The maximum total number of continuous spans that can be
analyzed is four.
c. Ciick on OK A Connectivity dialog window will appear and a yellow dot
will highlight the support location.

d. Select a CONTINUOUS BEAM ROLLER and click on OK. Another Con-

nectivity dialog window will appeer and another yellow dot will highlight
the support location.

e. Select a ROLLER and click on OK.
4. Estimale girder self weight: 35.0 pH.

» Note: The self weight help window applies to simple span members
only. An educated guess is required for continuity situations.

» Note: The girder self weight was not smeared into the floor dead load.
5. Review loads and connectivity displayed.

0.310 31 0.310. 31 0. 310 31
1.00 Dead (kif) £.0580 0%530.05.0.090.050.05,0.050.0520.0S,

4.324.32 4.324.32 4.324.32
0.1650.1850.18 0.180.16/0.180.16J0.16J0.18
1.00 Superinposed Dead (klf)

6.726.72 6.726.|72 6.726.72

0.2810 2880 28 0 260 26810.28 0. 2820 280 .28
1.00 Live (kif)

AN

ey ~ ~
l 24 © ! 240 l 24.0—1

6. Enter an appropriate analysis file name.

7. Review the shear, moment and relative deflection diagrams on the display
for any of the load cases shown in the window.

ni

Shesr (¢ nh ”-‘\l\ ’-\|\.
] W S

M7
89.4 499647 8.47 4.99

Momeni &0 (- RREEN) j/‘\
| /

-101.9-101.9 -1019-101 9
11.38 s 1 1138

1135 1.3 138 1138
051 g 051 3OS‘I 051 g 051 30‘51 051 3051 051
Defeclion
l.‘

13220 3Tota! Combined Load: D + Ly 13220
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F. Preliminary Design of the exterior span of the continuous girder.
1. Make appropriate selections within the Excel Data dialog window.

2. Design the exterior bay girder within the Excel Preliminary Design spread-
sheet.

a Set depth limit: 22.5 inches.
b. Set deflection limits: Total L/240, Live L/360.
c. Make member selection: W16X36.
d. Select RETURN TO CASM from the Flle pull-down menu.
3. Retum to the CASM program.
G. Save the scheme 2b as filename: SCHEME2B.BLD.

A. OPEN the scheme 2b datafile name: SCHEME2B.BLD. The steps con-
tained in A through D for scheme 2b are the same.

a. Select SAVE AS from the FILE pull-down menu and rename the file as
scheme3.bid.

:;;: B. Draw Structure.

- 1. Select the DRAW STRUCTURE tool palette.

0 4 2. Delete the third point beams that span in the north/south direction. This in-
-l voives three bays.

3. Delete the surface element within those same three bays.

4. Insert widely spaced elements at third points spanning in the east/west di-
rection within the three empty bays.

:B::: a. Select the COPY STRUCTURE command from the Edit pull-down menu.
Sty Yellow handles will appear on structural members.

b. Select the third point beams in bay A1- B2 with the left mouse key.
c. Select the one-way surface in bay A1-B2 with the left mouse key.
d. Double click the right mouse key to end selecting structural members to
copy.
. k;ySolectgﬁdlocationMasmebasepoMto copy from with the left mouse
BB The PASTE STRUCTURE command is automatically started.
f. Select grid locations B1, A2, and C2 with the left mouse key.
g. Double click the right mouse key to stop pasting structural members.
C. Develop the independent load cases for this construction type.
1. Select the LOADS AND DESIGN tool palette.
2. Delete the Floor Type 2 Assigned dead load.
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& Tum on SHOW DEAD loads to view current assigned dead loads.
b. Select DELETE LOAD from the Edit pull-down menu.
c. Sslect the approprisie handie 10 delete Roor Type 2 deead load.
d. Double click the right mouse key to stop deleting loads.
3. Prepare the dead load based on the given load list and floor construction

|

3
|

cross section. @‘
Name :Roor Tpe 3
Partition :None
Finish :Carpet & Pad
Deck :Concrete NLWT 4°

-Shructure Concmb Beams 0.0 psf
Mechanical  :3.0pst

Electrical 1.0 psf
Fire Protection :None
Ceiling :Suspended Channel/Tile

4. ASSIGN Roor Type 3 over the entire floor area.
5. Select OK to end working with floor dead loads.

8. The given live load has not changed from scheme 1 and is stil assigned
o the entire floor.

D. Establish element parameters necessary to design grid line 2 as a continu-
ous girder for three spans.

1. Select material: CONCRETE.

2. Select component from the Surface/Linear pull-down menu: WIDELY
SPACED : BEAM-C.1.P. and click on the left bay along grid line 2 between
grids A and B.

» Note: The left end span has been selected for analysis since it will

produce the maximum negative and positive moments as well as the
maximum defiection for a three-span continuous beam.

3. Review data in dialog windows and Guidelines.
4. Continue on to Preliminary Analysis.

E. Preliminary Analysis of the three-span continuous girder line.
1. Select load combination: 1.4 Dead + 1.7 Live. +

Em

Live: Il .70 Seismic: ll..
Snew: E Tempetalure: E
-ttt (0] s [0
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»

»

2. Tum on PATTERN OCCUPANCY LIVE LOAD in the Load Combinations dia-
log window and click on OK.

3. Incorporate live load reduction option.
a Select OCCUPANCY (LL)} from the Loads pull-down menu.
b. Select LLR GUIDELINES to review the code requirements regarding live
load reductions.

Note: The tributary area for each beam span Is less than 400 square
feet and thus no reduction will actuaily be applied.
¢. Click on OK to remove the Guidelines window.
d. Turm on APPLY LIVE LOAD REDUCTION.
e. Select STOP to end work with the live load fist.
4. Select PRELIMINARY from the Design pull-down menu.
a. Select units: FEET and KIPS.
b. Verify Load Combination of 1.4D+ 1.7L .
c. Select APPLY LIVE LOAD REDUCTION.
d. Select PATTERN OCCUPANCY LIVE LOAD.
e. Do not check USE ACTUAL PROPERTIES.
. Tumoff DL= DECK+ SELF WEIGHT.
g- Do not check RE-ANALYZE ALL ADJOINING MEMBERS.
5. Select connectivity for the continuous three spans as folows:

a. Select a FRAMED CONTINUITY support for the left and right end of the
highlighted left span.

b. Set ADJACENT SPANS = 2 to the right side of the initial span selected.
Leave the left adjacent spans equal to zero.

¢. Click on OK. A Column Connectivity dialog window will appear and a
yellow dot will highlight the left support location.

Column Canneg sty

o7 o T

Column height: [14.0 |n

" Column Delow Deam
oh ol
Column height: |14.0  |R
d. Insert COLUMN HEIGHT = 14.0 feet for the Column Below Beam.

Note: This is necessary since the model does not contain a floor level
below the one used for framing.

o. Set the end of the column above and below as FIXED.
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f Click on QK. A Column Connectivity dialog window will appesr and a
yellow dot will highlight the right support location.

g. Repeat steps d through { for the right support of the span to be designed.
The Connectivity dialog window will appear and a yellow dot will highlight
the support location at the right end of the middie span.

h. Select a FRAMED CONTINUITY support and click on OK. The Column
Connectivity dialog window will appeer.

i. Repeat steps d through f for the support. The Connectivity dialog window
will appeer.

j. Select a FRAMED CONTINUITY support and click on OK. The Column
Connectivity dialog window will appeer.

k. Hapealshpsdmdo,honellckonOKAUvoLoadM:cﬁondldog
window will appeer.

[ Member is pert of  root
0 Member supposts more than one floor
[0 Occupancy is public assembly or garage

LLA file name:  [LLR.TXT ]
=)
6. Answer the Live Load Reduction questions which appeer in the dialog win-

dow.
a. Member is not part of a roof; therefore, do not select with an X.
b

. Member does not support more than one floor; therefore, do not select
withan X.

Occupancy is not a public assembly or garage; therefore, do not select
with an X.
d. Enter the desired LLR Fllename as : LLRTXT.
e. Click on OK and load caiculations begin. A Self Weight dialog window
will appeer.
» Note: The live load reduction calculation output file can be viewed and

printed similar to that for wind and snow output. A sample of the
output Is listed below.

Project : rgs Office Building
Location : sburg
Design Load : TM 5= 809- 1986

Time : Thu Sep 19, 1991 2:03 PM

Rhkkhkhhhhknkkhhkhhkrk [jve Load RedUuCtion *Axkxhkikkkrhhrkhhhk

o

ical Floor

Oftices w/smear corridor iLo : p sf
Tributarx area TA) : 192 sf
Area of ntluence (Al) = 2*TA for beams.

No live ioad reduction taken.
L = Lo

L = 70.00 psf

+—+

|
4
+
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7. Estimate girder self weight.

a. Select Guidelines and a Concrete Beam Estimated Self Weight dislog

window will appeer.

[ Concrele Weight

OMWTI@13pal O LIWT @ 118 pel
habhxtl

" End Coniitions

O Cangileves

@ One End Continuswe
O Reth Ends Continuom
O Simply Supperied

17183
"
1718
e

FM
=[48 lm

L

]

(12|

o e L

b-ll!.i lh

Sell Weight:

e i ()

Select NLWT @ 150 PSF.
Select ONE END CONTINUOUS and the L/h ratio will become 18.5 in

with the minimum ratio required by the ACI Code to avoid

deflection calculations.

inches.
Revise h-t=_ 12 inches.
f.

to the Self Weight dialog window.

9
h

Enter the slab thicknesst = 4.0 inches. The value of h-t will become 11.6

Revise the beam width b = 10.0 inches and pass the 125.0 pif self weight

Click on OK to close the Concrete Beam dialog window.
. Click on OK to display the updated dead load pif diagram. A Draw

Pattemed Live Loads dialog window will appeer.

pattemned live loads.

1.40 Dead (kif)

Review the loads and connectivity displayed and select YES to draw the

0.64

1.40 Superisposed Dead (klt)

O

1. 70 Live (klf)

14

0=

4.0

14 0=y 14 0=~

1

14 0=

24

0
T 14 0=

r{] 24

P o
V14 0 14 02~
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@ Draw pattemned live loads?

=

9. Review the live load pattems displayed.

0.95 0.95

Alternate Spans 1 ¢ ] 2 .3 K 3 K ] ]
0.95
Alternate Spans 2 $ D * S
0.95 0.95

Two Adjacent Spans 1 § % % % % % %

0.95 0.95
Tvo Adjacent Spans 2 D T 1 C N T T C4
0.95 0.95 0.9%

AllSpans &% ¥ % % % ~F F T 9

10. Enter an appropriate analysis file name and click on OK.

11. Review the shear, moment, relative deflection, loads and reactions dia-
grams on the display for any of the load cases shown in the window.

Total Combined Load -- Two Adjacent Spans 1
Live Load -- Two Adjacent Spans 2 Yellow
Total Combined Load -- Two Adjacent Spans 2 Yellow
Total Combined Load -- Overlapg

Totab U ombtnned P ood Fovelope

| v:[1.0

Defloction Scale:  X:[1.0




Vo

5.315. 35 4.19
—

Deflection

o~ T o~
Total Combined load -~ Envelope
F. Preliminary Design of the exterior span of the continuous girder.
1. Make appropriate selections within the Excel Data dialog window.
2 3?:;90 the exterior bay girder with in the Excel Preliminary Design spread-

a. Set depth limit: 22.5 inches.
b. Select Trial Beam Size: h= 16 inches; b= 10 inches. (Do not send to
CASM).
c. Select Rebar Size: left= #6; mid= #4; right= #6
d. Send Trial Beam Size to CASM.
e. Select RETURN TO CASM from the Flle pull-down menu.
3. Retum to the CASM program.
G. Save the scheme 3 as filename: SCHEME3.BLD.
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m Truss Design

Given: A one story gable roof building located at Westover AFB. Two framing
options are to be reviewed. Therefore, there are 2'-0" o.c. narmowly spaced
wood frusses across one half of the building and 15-0" 0.c. widely spaced
steel trusses across the other half. Purfins are located at quarter points
between the widely spaced trusses.

Note: Trusa webbing shown
s the CASM generic
webbing, not necessorlly

the deskred webbing.
Dead Loads:
Nammowly spaced truss:
Top chord: asphalt shingles
5/8" plywood
Bottom chord: 8" batt insulation
5/8" gypsum board
Widely spaced truss:
Top chord: asphait shingles
2" rigid insulation
1 1/2" - 20 ga. metal deck
purtin weight
Bottom chord: no superimposed dead loads

Required: Perform a prefiminary analysis for a narrowly spaced truss element and
a widely spaced truss element with purlins. Load cases are dead + snow
and dead + wind for the narrowly spaced truss, and dead + snow for the
widely spaced truss.

Solution:
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=2

info

i

2

A. Establish Criteria.
1. Select PROJECT and input the following data:

Project Name : TRUSS EXAMPLE
City/Installation : WESTOVER AFB
State :MA
Design Load : TM 5-809-1 1966
2. Select REGIONAL and check the following data:
Basic Wind Speed : 75.0 mph
Coastal :NO
Ground Snow Load : 30.0 pst
3. Select SITE and input the following data:
Wind importance .1
Wind Exposure C
Snow Exposure :C
Roof Shippery :NO
Thermal Factor : HEATED

8. Draw Volumetric Model
1. Select the DRAW MODEL tool palette.
2. Establish general layout requirements which are different than previously
established.

a. Use the following:

Define Units : 12 inches
Snap To Units :ON
Show Ground Plane ON
Ground Plane:
Width N-S : 100 feet
EW : 100 foet
Spacing N-S : 20 feet
EW : 20 feet
Initial Shape Size:
N-S : 40 foet
EW : 60 foet
Height : 15 feot
Orientation ‘EW
Stack On Last Shape :ON
Directions Locked : NONE

3. Place a CUBE on the ground plane with the required dimensions.

» Note: If there is not a shape drawn, stack on last shape will draw the
shape on the ground.

4. Stack a PRISM on the cube to create the given gable roof height shown
above.

5. Draw the roof structural elements.
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s wmwmnmm

b. wnwwm

¢. Select DEFINE QRID from the Grid/Opening pull-down menu.
N-SSpacing : 20 feet
EWSpacing : 15feet

d. Draw a widely spaced ¥russ on grid iine B.
(1) Select TRUSS-CUSTOM from the Surface/Linear pull-down menu.
(2) Define the area to draw the fruss by selecting the handie on grid
fine B.

e

N

=
T

L

(3) Double click the right mouse key to end defining the area.
(4) Select SAVE in the Linear Hements dialog box to proceed o the
next step in drawing the truss.

(5) Tum ON INCLUDE OPPOSITE SIDE OF ROOF in the Truss-Cus-
fom dialog box.

Note: If include Opposite Side of Roof is unchecked (off), then only half
of a gable roof truss would be drawn.

(8) Select OK to siore the truss.

e. Draw puriins supported by the widely spaced truss.
(1) Select WIDELY SPACED Lineer from the Surface/Linear pull-down I

(2) Define the area to draw the purfins by selecting the handles on
- gridiines Aand B.

(3) Double click the right mouse key o end defining the area. A sin-
gle purfin will appeer in the 2-D view.

(4) Set the following information in the Linear Bements dialog box:
Orlentation BW
Number of Elements  :3 & Fixed (by piacing an X in the box)

(5) Tum on DRAW SURFACE to draw this roof deck supported by the
puriins.

(6) Select the RECALC button to redraw the new number of purfins.
(7) Select SAVE to siore the puriins and deck.
f. Draw the ridge beam. L
(1) Select WIDELY SPACED Linear from the Surface/Lineer pull-down
menu.

(2) Define the area to draw the ridge beam by selecting the handle
between grid lines A and B.

(3) Double click the right mouse key to end defining the area.
(4) Select SAVE to store the ridge beam.
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»

g. Draw the puriing, ridge beam and roof deck between grids B and C by

using the Copy and Paste Structure commands.

(1) Select the Copy Structure command from the Edit pull-down
menu. Yellow handles will appeer on the structural elements.

(2) Select the ridge beam, puriins and deck handies with the left
mouse key.

(3) Double click the right mouse key to end selecting structure to
copy.

(4) Select grid location A2 with the left mouse key to define the base
point to copy the structure.
The Paste Structure command is automatically started.

(5) Select grid location B2 with the left mouse key to select the base
point from which the copied structure will be drawn.

(6) Double click the right mouse key o end pasting structure.

h. Draw the narmowly space trusses between grids C and E.

(1) Select THUSS-CUSTOM from the Surface/Lineer pull-down.

(2) Define the area to draw the trusses by selecting the following han-
diles in order: between grid C3-D3, between grid C2-D2, and be-
tween grid E2-E3 if the south half of the roof is shown in 2-D.
Otherwise, select handles between grids C1-D1, C2-D2, and E1-
E2

(3) Double click the right mouse key to end defining the area. There
will be a particular number of evenly spaced trusses drawn de-
pendent on the last number of drawn finear elements.

(4) Set the following information in the Lineer Bements dislog box:

Orientation :NS
Spacing : 2 foet & Fixed
(5) Tum on DRAW SURFACE.

(6) Select the RECALC button to redraw the trusses at the new spac-
ing

(7) Select SAVE to proceed to the next siep in drawing the trusses.

(8) Tum ON INCLUDE OPPOSITE SIDE OF ROOF in the Truss-Cus-
tom dialog box.

(9) Select OK to store the narrowly spaced truss.

Note: Structure needs to be drawn on or connecting to trusees 0 that
loads are transferred to the truss correctly, i.e. uniform or concen-
trated. Trusses drawn less than 4’-0"0.c. do not assume a uniform load

like narrowly spaced linear elements do.
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i. Draw the puriins, ridge beam and roof deck on the other half of the gable
roof.

I
I
I
I
I
l
I
I
I
I
I
I

» Note: The copy and paste structure commands cannot be used when
desiring to copy structure oo a plane inclined in a different direction
from the plane containing the structure to be duplicated.

(1) Select PERSPECTIVE (3D) from the View pull-down.

3  Note: Notice the trusses drawn in 3D. The webbing shown is the CASM
generic webbing. The actual webbing desired is defined duting the
truss analysis procedure.

(2) Rotate the model 180 degrees. (

®

l .(f)

(3) Select the inclined structural plane opposite to the one previously
selected

4
=

()] ;.:whpmddgobmwmfdoekm similer steps
ve.

» Note: The ridge beam needs o be draw on this haif of the gable roof.
When calculsting loads, the beam Is not aware of ioads on the opposite
‘roof plane. This quitk will be rescived in a future version of CASM.

» Note: Save the mode! after completing many drawing steps. It is
usuelly a good idea to periodicaily save the buiiding model, especially
before and after complicated procedures.

C. Develop the independent load cases.

1. Select the LOADS AND DESIGN tool palette. | WM
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2 Prepare the nsmowly spaced truss TOP CHORD roof dead load from the
given load list. Name the roof load type as NARROWLY TRUSS.

Roofing :Asphait Shingles
Deck :5/8" Plywood
Skructure :(blank)
Mechanical ‘None
Electrical :None
insulation :‘None
Celling None
» Note: it is recommended to prepare only those loads you will assign to
the current structural plane.
3. ASSIGN the wood construction roof dead load only above the narrowly
spaced wood trusses.

4. Prepare the widely spaced truss top chord roof dead load from the given
load fist. Name the roof load type as WIDELY TRUSS.

Roofing :Asphait Shingles
Deck :1 1/2° 20 ga Metal Deck
Structure :Purfins 0.0 psf
Mechanical :‘None
Blectrical ‘None
Insulation 2" Rigid Insulation
Ceiling :None

5. ASSIGN the steel construction roof dead load only above the widely

spaced steel trusses.

Videlyd Tru: 1]

20.0

7w A 7

N RN
@.._._& \§§ NAN

i | i | i
6. Assign the roof dead loads to the opposite side of the gable roof.
a. Select STOP to end working with roof dead loads.

b. Select PERSPECTIVE (3D) from the Options pull-down menu.
¢. Rotate the model 180 degrees.
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d. Select the INCUNED STRUCTURAL PLANE opposite 1o the one pre-
viously selected.

e. Select ROOF (DL) from the Loads pull-down menu.
f. ASSIGN the Widely Truss roof dead load.
g- Select the Narrowly Truss roof dead load from the name drop down Rist.
h. ASSIGN the Narrowly Truss roof dead load.
i. Select STOP to end working with roof dead loads.
7. Prepere the narrowly spaced truss bottom chord dead load.

a. Select PERSPECTIVE (3D) from the View pull-down menu.

b. Select the ceiling HORIZONTAL STRUCTURAL PLANE.
¢. Select CEILING (DL) from the Loads pull-down menu.
d. Fillin the appropriate bottom chord dead loads and name the ceilling load

type as BOTTOM CHORD.
Mechenical None
Electrical ‘None
insulation :8" Bait Insulation
Structure :(blank)
Celling :5/8" Gypsum Board

9. ASSIGN the celling dead load in the area beneath the narrowly spaced
trusses, between grid locations C1, E1, E3, and C3.

O ._._m_®_ D o@
@_._ |

\\\

G- _—
f. Select STOP to end working with celling dead loads.

8. Caiculate Snow Loads.
a  You should be an expert at this procedure by now.

20.0

—3
8

&

="

@1
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9. Caiculate Components and Cladding Wind Loads.

a Define the truss tributary area on a typical narrowly spaced truss and a
typical widely spaced truss. Name the components and cladding loads
as: Narrowly Spaced Truss and Widely Spaced Truss.

b. Prove your expertise by completing the procedure on your own. If you
need help, follow Wind: Components and Cladding: Example One: step

» Note: Save model.

D. Establish element parameters necessary to analyze a typical narrowly
spaced truss.

1. Select material: WOOD from the Mat'l pull-down.
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2. Select ether INCLINED STRUCTURAL PLANE. :
3. Select component from the Suriace/Linear pull-down menu: TRUss-cus- || B
TOM and click on the same narrowly spaced truss for which the wind com-
ponents and cladding tributary area was defined.
4. Review the data in the dialog windows end Guidelines.
5. Continue on to Preliminary Anelysis.
E. Preliminary Analysis of the narrowly spaced truss.
1. Select the load combination: DEAD + SNOW.
2. Select PRELIMINARY from the Design pull-down menu. b
3. Select Units options.
a. Select units of FEET and POUNDS.
b. Verify load combination of D+ S.

c. Do not check APPLY LIVE LOAD REDUCTION, PATTERN OCCUPANCY
LIVE LOAD, USE ACTUAL PROPERTIES, DiL= DECK+ SELF WEIGHT,
or RE-ANALYZE ALl ADJOINING MEMBERS.

4. Select connectivity as a HINGE and a ROLLER. A 2D elevation view of the
truss and the Truss-Custom dialog box will appeer.

Top Chord Panels: [
Right Top Chod Panels: 2

Cevursmsasmansed

Depth At Support: f
Scissors Helght: |o.oo lﬂ

O vasticats < Start At Bottom
[0 Leit Support At Top 7 Right Suppost At Top

B (=) () (o] (s
5. View the various truss webbing configurations.
a Set the TOP CHORD PANELS as 8.
» Note: The right top chord panels are disabled when a gable truss is
symmetrical.
b. Select RECALC to redraw the truss with 8 panels.
c. Select HOWE to draw the truss in the howe configuration.
d. Select WARREN fo draw the truss in the warren configuration.
e

. Tum ON VERTICALS to add vertical web members to the warren truss
and select RECALC.

Tum ON START AT BOTTOM fo flip the diagonal members and select
RECALC.
Select FINK to draw the truss in the fink configuration.

Select VIERENDEEL to draw the truss with no diagonals and all moment
connections.

I. Set the DEPTH AT SUPPORT as 5 feet and select RECALC.

-

T e
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Select X-BRACE to draw the truss with double diagonals.
Select -BRACE to draw the webs in the K configuration.
Tum OFF START AT BOTTOM to flip the K direction.

. Tum ON LEFT SUPPORT AT TOP and RIGHT SUPPORT AT TOP and
select RECALC.

n. Tum OFF LEFT SUPPORT AT TOP and RIGHT SUPPORT AT TOP and

select RECALC.

0. Set DEPTH AT SUPPORT to 0 feet, SCISSORS HEIGHT to 5 feet, and the
TOP CHORD PANELS as 4 then select HOWE. The truss will be drawn as
a scissors truss.

3.-‘?"._'

. Select the required truss type and webbing configuration.

a. Set the TOP CHORD PANELS as 6.

Tum ON START AT BOTTOM.

Tum OFF VERTICALS.

Set the DEPTH AT SUPPORT and SCISSORS HEIGHT to 0 feet.
Select the WARREN webbing configuration.

® 000

20.0 + 20 0—

f.  Select OK and the loads will be applied to the truss.

. Select the truss self weight.

a. Select the GUIDELINES button for an estimated member self weight. The
estimated weights of a wood truss spanning 40 feet will appear.

b. Calculate the estimated self weight as 3.25 pif times 2 feet o.c. which
equals 6.5 pif.

c. Select CLOSE to close the estimated member weight dialog box.

d. Set the ESTIMATED SELF WEIGHT as 6.5 pif.

e. Select OK and the updated loads will appear.

. Review the loads and connectivity displayed. Enter an appropriate analy-

sis file name and select YES. The analysis will be performed and its pro-
gress is shown.

. Review the axial member forces, deflection, and loads and reactions dia-

grams on the display. View the node and element numbers used in the
analysis. The member lengths are the lengths of each analysis member.
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1.00 Deed (plt) 6.5 6.5
1.00 Supsrinposed Dead (plf) 9. 9.6
3.9 3.9

1.00 Smov (pit) l L l —l

-
15.0 :é :/: S S
‘o“ J

» Note: Color is used to indicate relative magnitude of axial force in the
following progression:
red = maximum

yellow

cyan
blue = minimum.

, \132
// \\I‘HSC
1 ¢ / c,"r s){n \
m/'r \ 57 zs(r

, /
uzn—— — N— 12221 — — b — -978]— — 12721— —_ -¥ uzs'r— —_

2005%C

Total Combined Load ~ Axal @b)

Total Combined Load - Deflection
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= — 23 —f— — —G-9— =7-10- - —11— — =10 —12— — =12
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Node and Element Numhers
< 1 \10.90
m.o’o/ /A
- !
/{/\ // \ 0.09
19.00 \ 15 52 1§ S2 \
9.85 9s/ ’ os / S 00

-8 oo——-—\‘ -8 no——%

¥enber Lengths (ft)
10. Select CANCEL since there is no truss member design at this time.
11. Reanelyze the truss with the load combination dead + wind.

- a Select load combination: DEAD + WIND.
— b. Select PRELIMINARY from the Design pull-down menu.
Fmewy c. Select Units options.
e (1) Select units of FEET ana POUNDS.
(2) Verify load combination of D+ S.
(3) Do not check APPLY LIVE LOAD REDUCTION, PATTERN OCCU-
PANCYLIVE LOAD U ACTUAL PROPERTIES DL~ DECK s
RE-ANALYZE NING MEMBERS.

d Sdocloomocﬁ\myasa_ﬁmdaw
e. Seloctﬂporoquhdhssstypea\dwebbm configuration.
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f. Setthe following wind load options.
I

Wind Direction
@Otk OSesth OFat O Went

'When 2 Wind Leads
O Procowe ot Min. Suction & Max. Suction

[ Wind Load
Main Wind Ferce Resisling:

Q SCpit O6opiPer. O GCpileg
© Compenants § Cladding

Q Open Reut

(et ] (G (Gonen]

(1) Select the Wind Direction as NORTH.
(2) Tun ON MAX. SUCTION for When 2 Wind Loads.

» Note: When 2 Wind Loads refers {0 a pressure and a suction value
appeering on the same surface. It is necessary to select one or the

other for analysis.

(3) Select COMPONENTS & CLADDING for the Wind Load.
(4) Select ROOF: NARROWLY SPACED TRUSS for the name of the
components and cladding load to use.

(5) Click on OK.
g. Select the truss self weight as 6.5 pif.
h. Enter an appropriate analysis file name.
i. Review the axial member forces, deflection, and loads and reactions

diagrams.
J. Select CANCEL since there is no wood truss member design at this time.

PN
rd 1075T

1075',1', N
~N
Ve

~
7 N
o\ / \13ar
11331'/ \ / ~
Y \ $33C $33C / ~N <

< 210C 562T 562T 210C ~

VR \ / 7 1223T

1223T 3247 T ~N
939C $9SC 230C:

§95C 939Cﬂ

Vind Load -- Axial (1b)
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12. Select CANCEL in the Linear Elements dialog box.
F. Establish element parameters neceseary to analyze the widely speced
truss.

1. Select material: STEEL.

2. Aqalyze a puriin fo smeer the purfin dead load weight into the uniformly
distributed roof dead load. :

& Select a widely spaced component from the Surface/Linear pull-down

b.
c.

menu: 'C' CHANNELS and select a puriin.
Select PRELIMINARY from the Design 1. o ‘own menu.
Select Units options.

(1) Select units of FEET and POUNDS.

(2) Verity load combination of D+ S.

(3) Do not check APPLY LIVE LOAD REDUCTION, PATTERN OCCU-
PANCY LIVE LOAD, USE ACTUAL PROPERTIES, DL= DECK+
SELF WEIGHT, or RE-ANALYZE ALL ADJOINING MEMBERS.

Select connectivity as a HINGE and a ROLLER.

Set the ESTIMATED SELF WEIGHT as 10.0 pif and tum ON UPDATE

AREA STRUCTURE LOADS and click on OK to proceed.

Review the loads and connectivity displayed. Enter an appropriate analy-
sis file name and select YES. The analysis will begin.

Review the shear, moment, deflection, loads and reactions diagrams on
the display.

Select CANCEL since we are not going to design the member to check
our estimate.

» Note: There currently is no 'C’ channel design spreadsheet available.
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L xmhummmmbmmau
3. Select truss component from the Surface/Linear pull-down menu:
CUSTOM and click on the widely spaced fruss located on grid line B.
4. Review the deia in the dislog windows and Guidelines.
5. Continue on o Preliiminary Analysis.
G. Preliminary Analysis of the widely spaced truss.
1. Select PRELIMINARY from the Design pull-down menu.
2 Select Units options.
a. Select units of FEET and POUNDS.
b. Verify load combination of D+ S.
c. Do not check APPLY LIVE LOAD REDUCTION, PATTERN OCCUPANCY
LIVE LOAD, USE ACTUAL PROPERTIES, DL DECK+ SELF WEIGHT,
or RE-ANALYZE ALL ADJOINING MEMBERS.
3. Select connectivity as a HINGE and a ROLLER. A 2D elevation view of the
truss and the Truss-Cusiom disiog box will appear.

4. Select the truss webbing configuration.

i
gl
H
%
3

the concentrated
loads. When finished, InSlealgMddogboxwllmpw

5. Select the fruss seif weight.

a Select the GUIDELINES button for an estimated member self weight. The
estimaled weights of a steel truss spanning 40 feet will appeer.

b. Calculate the estimaled seif weight as 3 pif times 15 feet 0.c. which equais
45 pit.

c. Select CLOSE fo close the estimaled member weight dialog box.

Set the ESTIMATED SELF WEIGHT as 45 pit.

e. Tum ON ADD SELF WEIGHT.

o
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STRUCTURAL ANALYSIS AND DESIGN TRUSS EXAMPLE

f. Select OK and the updaled loads will appeer.
6. Review the loads and connectivity displayed. Enter an appropriste analy-

sis file name and select YES.
0 10 0020 05 15
1.00 Dead (k1f) n.10 00,008 0.95 18 45 15
0.0%8 0.05
0.53 .53 0.%)
.00 Superimposed Dead (k1f) 05y %53 053 453

1.05 1.05 1.05 1.05 1.05 1.05 1.0S

wsmn & L L1 DL
lsﬁum

AN

L an o !

» Note: When concentrated loads do not fall on panel points, the user

has two options: 1. to continue with the analysis or 2. cancel the

analysis by selecting NO from the Analysis dialog window. Re-select
PRELIMINARY ANALYSIS to revise the truss configuration.

7. Review the axial forces, deflection, and loads and reactions diagrams on
the display. View the node and element numbers used in the analysis. The
member lengths are the lengths of each analysis member.

e
BA RS
8 136014 06T N
« b
P R TN
B N N S
[RES N, V4 N
A wr-——i/ ‘(———l £ N
SN ) ! \ A8 §1C
19 5111 'IZ‘UAZZV. , \ ’.,22'.1.3}2' \__\
STy N 2 for 2y /S \\ 1 6101 720
11 73 \ \, \ ,/ ‘ e
£ yar— =S g osTm — M s 3t — i psr— — M er— s
AL Sod

o

Totsi Conbined Loed -~ Axial (F)

Total Combined Loed —- Deflecticn
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‘s\/, \ g§/ \ A \s\

Cg—m — 23 ~10— — “6-11- — 912 =11 —13— — -1 ~14— — 11§

Node and Elesent Numbers

6 257, ‘19 37

4. ss l 4.696. zs
6.28 \
7 u—— 7 .81 —— 4 3g— — 7.81- — 7. ax-—

Nenber Lengths (ft)

/m

8. Select OK o design truss members with Excel. The member design is im-
ited 0 the top chord member, bottom chord member, maximum fension
member, and maximum compression member. The sizes can be passed
o CASM for a more accurale truss analysis.

9. Select CANCEL in the Linear Elements dialog box.

H. Save the model as: TRUSS1.BLD.
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COLUMN/WALL LOAD RUNDOWN

STRUCTURAL ANALYSIS AND DESIGN

s Column Design

Given: A three siory plus bassment sieel framed administrative bullding on a 20
foot square grid, localed in Missiesippi at the Army Ammunition Plant on the
coast of the Gulf of Mexico. Foor 1o floor heights are assumed 1o be 14 fest.

Occupency Live Loads:
First Foor: Public circulation: 100 pst
Second & Third Roor: Offices: 50 pst
Dead Loads:
Roor: Partition 101-200 pi

Carpet & Pad
Metal Deck 1.5" NLWT 2.5"

Steel Beams - 4.0 psf non-composite

Required: Perform a column load rundown for the center, edge and comer column.
Use the dead + five + min. roof ve load case. Caiculale column loads
without and with live load reductions.

Solution:

A. Establish Criteria.
1. Re-open model from wind tutorial exampile two. If unavailable, complete
step A of the example.
B. Draw Volumetric Model.
1. ¥3D model is not drawn, complete step B of wind example two.
2 Draw a basement level.

& Setthe INMAL SHAPE SIZE HEIQHT as 14 feet.

b. Tum ON STACK ON PLANE.

c. Adjust the viewing height fo a worms eye view of the underside of the
ground floor plane.

d. Select CUBE.

R
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-

K v~
l M

@1

»  Note: If you opened wind example two, wind loads wiii have to re-cal-
culated since you are altering the basic geometry. For this example, we
wiil not need wind loads.

e. Select the handie in the center of the ground floor plane.
f. Click the left mouse key to set the cube.
g. Double click the right mouse key to end stacidng cubes on a plane.
h. Re-position the perspective to a bird's eye view.
3. Draw structural columns. '
a. Select the second floor HORIZONTAL STRUCTURAL PLANE. A 2-D view
of the plane will appear.
b. Selact the DRAW STRUCTURE tool palette.
c. Select DEFINE GRID from the Grid/Opening pull-down menu.

N-S Spacing : 20 feet
E-W Spacing : 20 foet
d. Tum ON FOOTINGS from the Column/Wall pull-down menu. Footings
will then be drawn at the bottom of each column when the columns are
drawn

e. Draw columns on all grid intersections.

(1) Select Colurmn ALL GRID INTERSECTIONS from the Column/Wail
puli-down menu. Columns and their respective footings will ap-

peer.
(D'———zo 0—2——(' 20 o————CO

(on---1 , -

) (
]

@-- :
(2) Select either a N-S or an E-W orientation.
(3) Tum ON ALL FLOORS to duplicate all columns on all floor levels.
(4) Select SAVE to store the columns on all floors.

» Note: No other structure is necessary to be drawn since column and

wall load rundowns are caiculated based on a tributary area to the next
column, wall or edge.

» Note: You may wish to save the model now.

C. Develop Independent Load Cases.
1. Select the LOADS AND DESIGN tool palette.
2. Prepare the floor dead load from the given load list.
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STRUCTURAL ANALYSIS AND DESIGN

3. Tum ON ASSIGN ALL FLOORS.

4. ASSIGN the floor dead load on the entire floor plane.

5. Tum OFF ASSIGN ALL FLOORS.

6. Prepare the 50 psf Office occupancy live load list.

7. ASSIGN the live load on the entire floor plane.

8. mummx;s&mmmuw
PLANE INFORMATION X.

9. Switch to the third floor HORIZONTAL STRUCTURAL PLANE.
10. ASSIGN the 50 psf office five load on the entire floor plane.

11, Rename the third floor plane to THIRD FLOOR in the STRUCTURAL
PLANE INFORMATION dislog box.

12. Switch to the ground floor HORIZONTAL STRUCTURAL PLANE.
13. Prepare the 100 psf Public and Circulation occupancy live load.

14. ASSIGN the ive load on the entire floor plane. _
15. Rename the ground floor plane to GROUND FLOOR in the STRUCTURAL
PLANE INFORMATION dialog box.

16. Switch o the roof HORIZONTAL STRUCTURAL PLANE.
17. Prepare the roof dead load from the given load list.

18. ASSIGN the roof dead load on the entire roof plane.

19. Rename the roof plane to ROOF in the STRUCTURAL PLANE INFORMA-
TION dialog box.

Note: Save model.

D. Establish element parameters to perform the column load rundown for

column B2.
1. Select material: STEEL.

2. Select component from the Column/Wall pull-down menu: Column,
ROLLED SECTIONS and click on column B2.
3. Review the data in the dialog windows and Guidelines.

4. Continue on to the Preliminary Analysis.

E. Preliminary Analysis of column B2.

1. Select the load combination: DEAD + LIVE + MIN. ROOF.
2 Select PRELIMINARY from the Design pull-down menu.
3. Select Units options:

a Select units of FEET and KIPS.

b. Verify load combinationofD+ L+ Lr

c. Do not check APPLY LIVE LOAD REDUCTION, PATTERN OCCUPANCY
LIVE LOAD, USE ACTUAL PROPERTIES, DL= DECK+ SELF or
RE-ANALYZE ALL ADJOINING MEMBERS.

4. Enter a minimum Roof Live Load calculation output file.

5. Select to use the Tributary Area Method of calculating the loads at each
lovel.

=
el
&
=
(]
B
=
it
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6. Set the column seif weight as 75 pif and select OK.
7. Review the column load rundown.

Tributery Setf n L Lr n SumBlL Smll Suntr SmTL
Ares  Veight
. oot # 400.0 8.4 0.0 6.4 148
14.0 1.1 9.4 0.0 6.4 15.8
ird Nur; semm] 400.0 24.0 20.% e.0 “.8
14.0 1.1 MuS 2.0 6.4 60.9
%ﬂdl‘lwl 1 400.90 24.0 20.9 0.¢ “..
14.0 1.4 9.5 4.0 6.4 105.9
df(w‘l 1 l 400.9 24.0 40.0 0.0 4.8
14.9 11 4.6 8.0 6.4 in.e
‘J'———' /s

Cotumn 3-2 Load fun Bown (k)
8. The user has three options at this point.
a. Design the member in Excel.
b. Send the data fo a file to design the column at another time.
¢. Select CANCEL to proceed without designing the column.
9. Make appropriate selection within the Excel Data dialog window.
10. Design column B-2 within the Excel Prefiminary Design spreadsheet.
a. Set depth limit to 16 inches.
b. Make a member selection, W8x40 Levels 1 & 2; WBx24 Levels 3 & 4.
c. Send Trial Column Size to CASM.
d. Select RETURN TO CASM from the file pull-down menu.
11. Retum to the CASM program.
F. Preliminary Analysis of column A1.
1. Perform steps D and E selecting column A1.
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T—hﬂ $
14.¢
+IN Floor 1 1
14.9

F loor =
4.9

F loor ;“:J
14.¢
S —l

G. Preliminary Analysis of column A2
1. Perform steps D and E selecting column A2,

=T

4.0

LMN Floor [ ]
1

14.9
‘Fﬂw [ )|
14.0

}3 Fleor | 1
14.9

L

H. Preliminary Analysis of cokumn

Trisutery Self
Area  Veight
100.0

t.1
100.0

t.1
100.0

1.1
100.0

1.0

2.1

6.0

6.0

6.0

w

3.0

tr

T Sum L Swmil Sumbir SumTL

4.1

Colunn A-1 Load Run Down (k)

Tributery Self
Ares  Velght
.0

1.t
2.0

1.1
200.0

1.1
200.0

1.1

4.2

w

18.0

A2 Lood Bun Boen (1)

31

17.2

24.3

3.0

2.0

3.1

17.2

SmBL SwmilL Smmir SWMTL

roon
w2

se 0o
v e

.3 100
o o

n3 2o
oo e

REY)
live load reduction.

4.9

4“9

4.0

49

1. Tum ON APPLY LIVE LOAD REDUCTION in the Occupancy Live Load dia-

log box.

2. Perform steps D and E selecting column B2 and enter an appropriate kive
load reduction file name when asked.

i)
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Tributary Self . UR LR LUR LR Lr TL Sun M SumLLR Sunir Sum 7L

fArea  Veight
Roof . 400.0 8.4 00 00 0.0 00 64 14.8
1.0 1.1 9.4 0.0 6.4 1358
hird Floor [ - 400.0 24.0 12.5 18,3 9.3 0.0 3.5
14.0 1.1 M3 125 6.4 934
ond Floor [ —]  400.0 24.0 10.3 9.3 0.0 34.3
14.0 11 9.5 206 6.4 866
L«adflw[ ] 400.0 24.0 18.7 0.0 42.7
14.0 11 4.6 373 6.4 128.3
-l-—— —

Column B-2 Load Run Down (k)

3. Review output data and note that live load reduction influences the axial
loads on columns B2.

1. Save the model as: COLUMN1.BLD.
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m Wall Design

” HEN

Given: A three story plus basement steel framed administrative buliding on a 20
foot square grid, located in Mississippi at the Army Ammunition Plant on the
coast of the Guif of Mexico. Floor to floor heights are assumed to be 14 feet.

Second & Third Floor: Offices:

Floor: Partition 101-200 plif
Carpet & Pad
Metal Deck 1.5° NLWT 2.5
Steel Beams - 4.0 psf non-composite
Mechanical A/C Ducts - 3.0 psf
Blectrical/Lighting - 2.0 psf
Suspended Channel - Tile Ceiling

Roof: Composite 5-ply/Gravel roofing
Steel 1-1/2" 20 gauge deck
Steel Bar Joist 24’ at 4’ o.c.
Mechanical A/C Ducts - 3.0 pst
Blectrical/Lighting - 2.0 pst
Rigid Roof insulation 4"
Suspended Channel - Tile Ceiling

Foundation Wall:

Required: Perform a wall load rundown for the foundation wall. Use the dead +
kve + minimum roof live load case. No live load reductions will be consid-

ered.
Solution:

A. Establish Criteria.

1. Re-open model from column load rundown. f unavailable, complete step

A of the colunn load rundown example.
B. Draw Volumetric Mode!.

1. i 3D model is not drawn, complete step B of the column load rundown ex-

ample.
2. Draw foundation wall.

a Select the ground floor HORIZONTAL STRUCTURAL PLANE.
b. Select the DRAW STRUCTURE tool palette.

¢. Delete columns on the perimeter.

Public circulation: 100 pst

12" Cast-in-place Concrete

50 pst

A
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t

T_t4

» Note: We are deleting the columns which support the ground fioor
plane, i.e. the columns below the ground piane.
(1) Select DELETE STRUCTURE from the Edit pull-down.
(2) Click on each of the columns on the perimeter.
(3) Double click the right mouse key to end deleting structure.
d. Draw the foundation walls.
(1) Select Walt 2 GRID POINTS from the Column/Wall pul-down
menu.

(2) Select grid location A1 and A3. A wall will appeer with a continu-
ous footing indicated below.

(3) Set the wall thickness to 12 inches within the Wall Elements dia-
log window.

(4) Tum OFF ALL FLOORS.
(5) Tum off ASSIGN DEAD LOAD.

Y-

200

.

GY--

'~

[ |
It
200 |l
I
I

(E‘)-.-_l e — — — —

(7) Repeat steps 1 through 5 for the other three walls.

» Note: The wall dead load could have been assigned at the same time
as drawing the wall. This was not done to show you the process of
assigning a linear wall dead load.

» Note: You may wish to save the model now.

C. Develop Independent Load Cases.

1. if dead and live floor and roof loads are not applied, complete step C of
the column load rundown example.

» Note: Save model.

2. Create and apply foundation wall dead load.
a. Select the basement floor HORIZONTAL STRUCTURAL PLANE.




COLUMN/WALL LOAD RUNDOWN STRUCTURAL ANALYSIS AND DESIGN

» Note: No structural elements will appear since you are viewing struc-
ture below the basement plane. The footings are connected to the
walis above and thus do not appear.

b. Prepare the wall dead load from the given load ist. M
(1) Select the LOADS AND DESIGN tool palette. —=
(2) Select WALL (DL) from the Loads pull-down menu. A Well (DL) @s
dialog window will appeer.
(3) Select the Structure data window button and select the Concrete
8" wall load.

(4) Change the text to CONCRETE 12" and the psf to 150.

c. Tum OFF ASSIGN ALL FLOORS.
d. Assign the wall dead load between grid locations A1 to A3.
(1) Select ASSIGN.
(2) Click on grid locations A1 and A3. A Wall Heights dialog window
will appeer.
(3) Set the wall height at each end to 14 feet.

(4) Select OK to save the assigned wall dead load. The wall dead
load will then appeer.

» Note: Do to symmetry, the other three wall dead loads need not be
assigned.

e. Select OK to end working with wall dead loads.

Q) ZO.OLZD 0——~(—f’)

]
@ -4 = -

N

0.0

@...u PR lo- — e mdm i ] -

20.0

o

- e m e .- -

D. Establish slement parameters to perform the wall load rundown for wall At

to A3.
1. Select material: CONCRETE. i
2. Select the ground floor HORIZONTAL STRUCTURAL PLANE.

3. Select component from the Column/Wall pull-down menu: WALL, C..P =0
and click on wall A1 fo A3.

4. Review the data in the dialog windows and Guidelines.
5. Continue on to the Preliminary Analysis.
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B

E. Preliminary Analysis of wall A1 to A3.
1. Select the load combination: DEAD + LIVE + MIN. ROOF.

2. Tum OFF APPLY LIVE LOAD REDUCTION in the Occupancy Live Load dia-
log window.

3. Select PRELIMINARY from the Design pull-down menu.
4. Select Units options:

a Select units of FEET and KIPS.

b. Verify load combinationofD+ L+ Lr.

¢. Do not check APPLY LIVE LOAD REDUCTION, PATTERN OCCUPANCY
LIVE LOAD, USE ACTUAL PROPERTIES, DL= DECK+ SELF WEIGHT, or
RE-ANALYZE ALL ADJOINING MEMBERS.

5. Review Wall Assumptions dialog box.

Voall Accumption:,

Distribution of concentrated loads into wall:
(] () [ |
Concentrated load beasing width: 20 ]

Note: Running bond is assumed for masomy
and monolithic for concrete.

{0 increase tiibutary srea 15% to account
for conciete continuity at fist column.

(EE] [gonew]

a. Set the DISTRIBUTION OF CONCENTRATED LOADS INTO WALL to 30
degrees.

» Note: User shall base this decision on the appropriate material and
building code applicable to this project.
b. Set the CONCENTRATED LOAD BEARING WIDTH to 12 inches.

» Note: User shall base this decision on estimated column size and
appropriate bearing plate proportions. Pilasters are not included In this
version.of CASM.

c. Tum OFF INCREASE TRIBUTARY AREA 15% since the columns are
steel.
d. Select OK.
6. Enter a Minimum Roof Live Load calculation output file.

7. Select to use the Tributary Area Method of calculating the loads at each
level

8. Set the column self weight as 75 pif. Analysis of the wall rundown will be-
gin.

9. Review the wall load rundowns.
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4.10 8.20 4.10
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14.0 16.15 31.25 16 .18
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14|-0 29.25 §5.35 29.25
Gmef&t. Lig?
) () {
we oty ot
J Ll | | _1|
3.70 3.70
9.55 9.55
14.77

Totel Combined load -- Sum (klf)

10. Select CANCEL since there is no concrete wall design spreadsheet at this
time

11. Select CANCEL in the Well Elements dialog box.

F. Save the model as: WALL1.BLD.
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STRUCTURAL ANALYSIS AND DESIGN

7
Wik
7

1-1/8° T & G Plywood

2x 12 Jolsts @ 16" o.c.
2x12Joists @ 247 o.c.

3/4" T & G Plywood
5/8" Gypsum Celling
5Ply T & G Roofing

12° Baft Insulation

Blectrical - 1.0 pef
Mechanical - 3.0 psf
Blectrical - 1.0 pst

7]
<
=\ ¥

the Army Ammunition Plant on the coast of the Guif of Mexico as llustraled.
Three equally spaced vertical lateral resisiance planes will be considered
and the floor and roof diaphragms will be considered flexible.

+ min. roof LL + wind load case.

Foor:
Roof:

Given: A two siory wood framed adminisirative bullding located in Mississippi at
Required: Perform a braced frame laleral resistance analysis. Use the dead + five

LATERAL RESISTANCE EXAMPLES
m Lateral Resistance Design

Dead Loads:
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LATERAL RESISTANCE EXAMPLES

H

Bl {d| |d &

A. Esiablish Criteria.
1. Open the given model LATERAL1.BLD or enter the following criteria:

Project: Project Name : LATERAL EXAMPLE 1
City/Insteliation : AMMO PLANT
State :MS
Design Load : TM 5-809-1 1986
Reagional: Basic Wind Speed : 100.0 mph
Coastal : YES
Shte: Wind importance :
Wind Exposure :C

Distance 1o Oceanline : 0 miles

B. Draw Volumetric Model.

1. The 3D model is drawn in file LATERAL1.BLD or draw model from the
given information.
2. Define lateral resistance vertical plane locations.

a

b
c.
d

Te ~o0

Select the second floor HORIZONTAL PLANE.
- Select the DRAW STRUCTURE tool palette.

Select Vertical DEFINE LOCATION from the Lateral pull-down menu.

. Select beam A1 to A2. All structural elements which connect to the beam

will be joined to form a vertical lateral resistance plane. Hatched lines will
appeer to indicale that vertical bracing will be introduced later some-
where along grid fine A. The location is also labeled NS-1 to indicate
lateral resistance in the north-south direction.

Select Vertical DEFINE LOCATION from the Lateral pull-down menu.
Select beam C1 to C2.
Select Vertical DEFINE LOCATION from the Lateral pull-down menu.
Select beam E1 to E2.
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3. Draw verticel bracing.

& Select Vertioal DEFINE ELEMENTS from the Lateral pull-down menu.

b. Select the NS-2 leteral resistance location aslong grid line C. A 2D
elovetion of the plane and a Laleral Resistance 00l paletie will appesr.

» Note:All members will initially be shown pin ended (moment = 0) and
supports will be initially shown as hinges. These connection restraints
can be modified as desired.

» Note:The lateral resistance tool pelette includes mutitiple truseing op-
tions as well as rigid frame and continuous member options. The offset
is measured from the column along the beam and is needed for the
modified K, eccentric and knee brace options. The mirror option draws

the bracing in an opposite hand poeition.

Edlt Erame Shear Wall

=& m WNEARETL T
omee: flf Jn Omwe [ gx ] Eﬂ]

c. Select the XXBRACE icon from the ool palette.

d. Select upper left bay handle. The x-bracing will appeer on the 2D view
belween grids 1 and 2 at the second level.

e. Select the lower left bay handie to draw the x-bracing at the first level.

® ®@ .. @

w

20.0

P -

. Double click the right mouse key o end drawing x-bracing.
g. Select OK when finished. You will retum fo the 20 horizontal structural

4. Define floor and roof diaphragm type.
a Select DIAPHRAGM QUIDELINES fo view the cardfile guidelines on
selecting a rigid or flexible diaphragm.
b. Select OK when finished viewing the diaphragm guidefines.

&

3]
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»

»

»

»

»

Plate Type Rigi¢ Flexisile

Cast in Place Concrete

Cypsumn Concrete

Pre-cast Concrete Planks

Steel Decks without Conc.
with Cenc.

Wood Decks X

c. Select Horizontal ENTIRE PLANE FLEXIBLE DIAPHRAGM from the Lat-

eral pull-down menu. The 2D view will be labeled as Riexible Diaphragm
in the lower right comer and the flexible diaphragm icon will be high-
fighted in the tool palette.

Note: Lateral loads will be distributed to the vertical resisting planes
according to tributary wiith or the continuous beam mode! at the
user’s choice when fiexible diaphragm is selected. Lateral loads will be
distributed to the vertical resisting planes according to the vertical
resisting element stiffness when rigid diaphragm is selected.

Note: Since this is the first fioor diaphragm type defined, all other floor
and roof pianes will also be defined as flexible.
Note: Only three combinations of flexibie and Hgid disphragms are
possible:

1. All flexible.

2. Al rigid.
3. Foors rigid and roof flexible.

Note: You may wish to save the model now.

C. Develop independent Load Cases.

1. The loads are already applied in file LATERAL1.BLD or apply the loads
given above.

Note: Save model.

D. Establish element parameters to perform the lateral analysis.

1. Select the LOADS AND DESIGN tool palette.
2. Select material: WOOD.

E. Preliminary Lateral Analysis

1. Select the load combination: DEAD + LIVE + MIN. ROOF LL + WIND.
2. Select LATERAL RESISTANCE from the Design pull-down menu.
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. 8. Select location NS-2 on grid line C. The 2D view of the vertical resistance
plane will appeer.

4. Select Unils oplions:
a Select units of FEET and KIPS.
b. Verily load combinationofD+ L+ Lr+ W

c. Do not check APPLY LIVE LOAD REDUCTION, PATTERN OCCUPANCY
LIVE LOAD, USE ACTUAL PROPERTIES, DL= DECK+ SELF WEIGHT, or
RE-ANALYZE ALL ADJOINING MEMBERS.

5. Select the base connectivity as a hinge for all three columns.

6. Review the bracing options and keep x-bracing between gride 1 and 2.
7. Select the Wind Direction as SOUTH and the Wind Load as QCPl= 0.
8. Enter a Minimum Roof Live Load oulput flename.

9. Select SIMPLE BEAM MODEL from the Flexible Diephragm dislog window
1o distribule the wind loads according 1o tributary width,

[ [ R AT A A

=

@ Simple Boam Model
O Continuous Beam Madel

=)
10. Review the loads on the braced frame.

» Note: The wind loads acting upward indicate roof suction.

11. Enter the sei weight of all beams as 36 pif and tum ON ADD SELF

WEIGHT.
12. Enter the selif weight of all columns as 45 pHi.

13. Review the loads on the braced frame.

» Note:The column seif weight is treated as a concentrated load at the
mid-heigin of each column.
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i i i
1 1 i
-2 1 \Flesible 3i-gte

12 0
0.67 1.00 1.33 1.00 0.67
i Ria
ST T T RE T T T TT S yyge
12 0

Yo

131
ile

12.0

s N s

1.00 Minimun Roof (k1f)

14. Enler an appropriate analysis file name.

» Note: Compression members are not automatically removed in the
analysis.

» Note: Each member is divided into four segments for the purpose of
plotting shear, moment and defiection diagrams.

» Note: Large lateral load structural models require a significant amount
of memory to perform the analysis, 90 an out of memory error could
occur.

15. Review the axial, shear, moment, deflection, and loads and reactions dia-
grams.

» Note: Low-rise braced frames experience small lateral deflections.

Therefore, increase the X Deflection Scale to 300. Review hard copy
analysis output for relative deflection magnitudes.

4-91




LATERAL RESISTANCE EXAMPLES
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Total Combined Ioed — Deflectiom

1.66 6.83
0 a0 0 34 00.40 0.3¢4 0.40

6.39 - - -3.9

//
0.93
-7 e o
~
>
P
T N 17 T
-~ 132 N 73 1.33

,,_.SL{J_’LJ_LJ_,L;ﬁu_u_u_l,,{_%‘
R

61.27 19 0§
Total Combined Load -- Loads & Reactions (k)

16. Select CANCEL since there is no lateral resistance member design at this
time.

F. Save the model as: LAT1.BLD.
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AR

Given: The same two story wood framed administrative building located in Missis-
sippi at the Army Ammunition Plant on the coast of the Gulf of Mexico as
llustrated in lateral example 1. Three equally spaced vertical lateral resis-
tance planes will be considered and the floor and roof diaphragms will be
considered flexible.

Dead Loads:
Foor:  1-1/8"T & G Plywood
5/8" Gypsum Celling
1° Carpet & Pad
Mechanical - 3.0 psf
Electrical - 1.0 pst
2x 12 Joists @ 16" o.c.

Roof: 3/4"T & G Plywood
5/8" Gypsum Ceiling
5 Pty T & G Roofing
12" Batt Insulation
Mechanical - 3.0 psf
Electrical - 1.0 psf
2x 12 Joists @ 24" o.c.

Required: Perform an unbraced frame lateral resistance analysis. Use the dead +
live + min. roof LL + wind load case.

Solution:

A. Establish Criteria.
1. Open the saved model LAT1.BLD or enter the following criteria:

Project: Project Name : LATERAL EXAMPLE 2
City/installation : AMMO PLANT
State :MS
Design Load : TM 5-809-1 1986
Regional: Basic Wind Speed : 100.0 mph
Coastal : YES
Site: Wind importance 2
Wind Exposure :C

Distance to Oceanline : 0 miles




LATERAL RESISTANCE EXAMPLES

STRUCTURAL ANALYSIS AND DESIGN

2. ¥ using the saved example, change the Project Name to LATERAL EXAM-
PLE2

B. Draw Volumetric Model.

1. The 3D model is drawn in file LAT1.BLD or draw model from the given in-
formation

2. Define lateral resistance vertical piane locations. We will use the same lat-

. Select Vertical DEFINE ELEMENTS from the Lateral pull-down menu.

. Select the NS-2 lateral resistance location along grid line C. A 2D
elevation of the plane and a Lateral Resistance tool palette will appeer.

e. Delete the x-bracing from the lateral resistance plane.
(1) Select the DELETE ELEMENT button. Handles will appeer on the
x-bracing.

a
b. Select the DRAW STRUCTUFE tool palette.
(]
d

(2) Select one of the bracing’s handies then the other one.

» Note: The delete lateral resistance elements command automatically
ends when there are no more siements to delete. Otherwise, to end the
delete lateral resistance elements command, double click the right
mouse key.

f. Select the ALL MOMENT CONNECTIONS icon from the tool palette. A
full continuity moment connection is graphically ilustrated by a double

fined triangle.
@ 20.0 Cf) 20,0 —@
! i !
! ' !
- 'I' _:# "F'P_'éb_l?_..zq_u
12.0
- - ¥ 3 {31-'4"-"-1-'- 12,0
1220
—'—\- ———————— e 7 '—--—-—---—-—-—-—-—/'S:-'—'-'-0.0
AN N PARN
g. Select OK when finished. You will retum to the 2D horizontal structural
plane.

4. Define floor and roof diaphragm type.
a. Rexible floor and roof diaphragms are already defined.

» Note: You may wish to save the model now.

=i

g
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ll(

wh-
M

it

&

C. Develop Independent Load Cases.

1. The loads are already applied in file LAT1.BLD or apply the loads given
above.

D. Establish element parameters to perform the lateral analysis.
1. Select the LOADS AND DESIGN tool palette.
2. Select material: WOOD.
E. Preliminary Lateral Analysis
1. Select the load combination: DEAD + LIVE + MIN. ROOF LL + WIND.
2. Select LATERAL RESISTANCE from the Design puli-down menu.
3. Select location NS-2 on grid line C. The 2D view of the vertical resistance
plane will appeer.
4. Select Units options:
a. Select units of FEET and KIPS.
b. Veriy load combinationofD+ L+ Lr+ W

c. Do not check APPLY LIVE LOAD REDUCTION, PATTERN OCCUPANCY
LIVE LOAD, USE ACTUAL PROPERTIES, DL= DECK+ SELF WEIGHT, or
RE-ANALYZE ALL ADJOINING MEMBERS.

Change the base connectivity to full fixity for all three columns.

Review the bracing options and keep the rigid moment connections be-
tween all members.

Select the Wind Direction as SOUTH and the Wind Load as GCPl= 0.
Enter a Minimum Roof Live Load output filename.

Select SIMPLE BEAM MODEL in the Flexible Diaphragm dialog window.
10. Review the loads on the unbraced frame.

11. Enter the self weight of all beams as 36 pif and tum ON ADD SELF
WEIGHT.

12. Enter the self weight of all columns as 45 pif.
13. Review the loads on the unbraced frame.
14. Enter an appropriate analysis file name.

15. Review the axial, shear, moment, deflection, and loads and reactions dia-
grams.

o o

© ® N

6 A1C «+31C: n 73C —R7 ("

2.10c 0.32C 6.6
A 5te—————{ 51— — ~1 HF— — — — —] NT——

11 06C 38.15C 24 30C

11.60C 38 ["C 24 84
eren o

Totsl Combined Load -- Axial (k)
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Total Combined Load —- Deflection
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Total Combined Load — loads & Reactions (k)
16. Select CANCEL since there is no lateral resistance member deeign at this
time.
F. Save the model as: LAT2.BLD.
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Given: Atwo siory steel framed administrative bullding located in Mississippi at the
Army Ammunition Plant on the coast of the Guif of Mexico as Hiustrated.
Three equally spaced vertical iateral resistance pianes will be considered
and the floor and roof diaphragms will be considered rigid. This example
will ulilize frussing elements for laleral resistance.

Floor: 1-1/2° + 2-1/2" NLWT Concrete Deck

Suspenvied

1" Carpet & Pad
Mechanical - 3.0 psf
Electrical - 1.0 psf
Steel Beams - 3.3 psf

Roof: 1-1/2° + 2-1/2° NLWT Concrete Deck

Suspended Celling
5 Ply Built-up Roofing
4" Rigid Insulation
Mechanical - 3.0 psf
Electrical - 1.0 psf
Steel Beams - 3.3 psf

Required: Perform a braced frame lateral resistance analysis. Use the dead + live
+ min. roof LL + wind load case.

Solution:




STRUCTURAL ANALYSIS AND DESIGN LATERAL RESISTANCE EXAMPLES

A. Establish Criterte.
1. Open the given model LATERAL3.BLD or enter the following criteria:

Project: Project Name : LATERAL EXAMPLE 3
City/instaliation : AMMO PLANT
Stale :MS
Design Load : TM 5-809-1 1968
Regionel: Basic Wind Speed : 100.0 mph
Coastal :YES
Site: Wind importance |
Wind Exposure :C

Distance to Oceaniine olulu

B. Draw Volumetric Model.
1. The 3D model is drawn In file LATERAL3.BLD or draw model from the

b. Select the DRAW STRUCTURE tool palette.

. Select Vertical DEFINE LOCATION from the Lateral pull-down menu.
Select beam A1 1o A2. All struciural elements which connect to the beam

ENE

somewhere along grid line A. The location is also labeled NS-1 to
indicate lateral resistance in the north-south direction.

Select Vertical DEFINE LOCATION from the Lateral pull-down menu.
Select beam C1 to C2.
Select Vertical DEFINE LOCATION from the Lateral pull-down menu.
Select beam E1 to E2.
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3. Draw vertionl bracing.

& Select Verto DEFINE ELEMENTS from the Lateral pulldown menu. | |
b. Select the NS-2 lateral resistance location along grid ine C. A 2D -
elevaiion of the plane and a Lateral Resistance ool paletie will appeer.
Select upper left bay handle. The k-bracing will appear on the 2D view | |- —:
between grids 1 and 2 at the second level.

¢. Select the lower left bay handle fo draw the k-bracing at the first lewel.

1. Double click the right mouse key o end drawing k-bracing.

20. 0— : 20.9 4
' '
' |
' 1
. Meld_ a0

/ \ ae
! Rigid

—e Ul 1420

o

i
|
.
'
]

e S I

g Select QK when finished. You will retum to the 2D horizontal structural
plane.

» Note: For rigid diaphragms, all frames in one direction are analyzed
with a one kip load applied at the top element to compute the distri-
bution of wind load based on stiffness. Therefore, each lateral resie-
tance location must have bracing elements or moment connection
elements defined.

h. Draw k-bracing elements in all four panels in lateral resistance locations
NS-1 and NS-3 by following sieps a hrough {. B
4. Define floor and roof diaphragm type. :

a. Select Horizontal RIGID DIAPHRAGM from the Lateral pull-down menu. |
The 2D view will be labeled as Rigid Diaphragm in the lower right comer | |FX5S)
and te rigid diaphragm icon will be highlighted in the tool palette. 4+

» Note:Lateral loads will be distributed to the vertical resisting planes
according 1o the vertical resisting element stifiness when a rigid
disphragm is selected. Lateral loads will be distributed to the vertical
resisting pianes according to tributary width or the continuous beam
mode! when a flexible diaphragm is selected.

» Note:Since this s the first floor diaphragm type defined, all other
floors and roof pianes will also be defined as rigid.
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» Note:You may wish 10 save the model now.

C. Develop independent Load Cases.
1. The loads are aiready applied in file LATERAL3.BLD or apply the loads
given above.
» Note: Save model.

D. Establish eloment parameters 10 perform the iateral analysis.
1. Select the LOADS AND DESIGN tool palette.
2. Select material: STEEL.
E. Preliminary Lateral Analysis
1. Select the load combination: DEAD + + MIN.
2. Select LATERAL RESISTANCE from the Design pull-down menu.
3. Select location NS-2 on grid line C. The 2D view of the vertical resistance
plane will appeer.
4. Select Units options:

a. Select units of FEET and KIPS.

b. Verify load combinationof D+ L+ Lr+ W.

c. Do not check APPLY LIVE LOAD REDUCTION, PATTERN OCCU-
PANCY LIVE LOAD, USE ACTUAL PROPERTIES, DL=DECK+SELF
WEIGHT, or RE-ANALYZE ALL ADJOINING MEMBERS.

5. Select the base connectivity as a hinge for all three columns.

6. Review the bracing options and keep k-bracing between grids 1 and 2.

7. Select the Wind Direction as SOUTH and the Wind Load as GCPi=0.
Each laterai resistance plane is analyzed for a one kip lateral force to
compare stiffness for wind load distribution.

8. Enter a Minimum Roof Live Load output filename.
9. Enter an appropriate filename for the rigid horizontal diaphragm calcula-
tions.

mlnm I

O Considar paspandicutar well alements as flanges to
the {ateral ravistance aystem.

O tnctude openings m the shear wall stffnass. Use
Method C for sthiffness calculations.

Masimumn Pies HID Ratio:
L) [genod)

» NOTE: The options to consider perpendicular wall elements as
flanges and including openings only pertain to shear walls.
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»

»

10. Review the loads on the braced frame.

Note: The percentage of wind load distributed by stiffness at each
level is given. The outer braced frames receive a greater percentage
of wind load since they had a grester stiffness than the center braced
frame. if all three braced frames had equal stifiness, the ioed distribu-
tion wouid be 33.3% to each one. Had the diaphragms been fiexible,
the load distribution would have been 25% to sach end braced frame
and 50% to the middie braced frame.

Note:Analysis can only be performed on the selected middie lateral
resistance piane even though R is possible to review the other lateral
resistance planes’ wind loads.

11. Enter the self weight of all beams as 36 pif and tum ON ADD SELF
WEIGHT.

12. Enter the self weight of all columns as 45 pif.
13. Review the loads on the braced frame.

@ @ ®

2.99-% 5% % % ?Px‘en(*“-'—“-'—-- 24.0

158  3.3f 311 311 311 3.11 1.5§
\ 12.0

1.00 Vind (kif) — NS-2 — 23%, 21%
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14. Enter an appropriate analysis file name.

15. Review the axdal, sheer, moment, deflection, and loads and reaclions dia-

grams.
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15 99
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16. Select CANCEL since there is no lateral resistance member design at this
time.

17. Review the Rigid Horizontal Diaphragm Calculation.
a. Select PRINT DATA from the Flle pull-down menu.
b. Select only the RIGID DIAPHRAGM output fe.
c. Select either PRINT TO PRINTER or PRINT TO FILE and select OK.

d. Review the center of rigidity calculations in the north-south direction.
When you are finished reviewing the output, retum back to CASM.

» Note: The assumptions used in the calculation of interstory deflec-
tions are inciuded In the output.

» Note: The equations for torsional moment and distribution of tor-
sional shear are included in the output with the Fv+Ft magnitudes
shown on the elevations previously viewed.

Example 7 Sample Output:

Loodtion 1 Amme Plamt T3

Time 1 Wed Sep 25, 1991 12:27 PM

thaaknkakaekrktst Rigid Horizontal Diaphragm Calculations *****AN*akkrxssas

Center of Rigldity

Name h I Av_ Deflection Rigidity R/ x R*x
(ft) (ft~4) (££~2) (in) sum(R) (ft)
NS-1 12.0 0 0 155.103 0.006 39.41% 0.0 0.000
NS-2 12.0 0 0 288.684 0.003 21.18% 40.0 0.139
NS§-3 12.0 0 0 155.103 0.006 39.41% 80.0 0.516
Sum 0.016 0.654
Centroid from lower left = sum(R*x)/sum(R) H 40.00 £t
Maximum dimension : 80.00 ft
Eccentricity (e) = centroid-(max dimension)/2 : 0.00 ft
e min = 0.05*max. dimension : 4.00 ft
Bccontricitg {(e) used for torsional anal{sis H 0.00 ft
e min considered only for seismic analysis.
Name h I Av Deflection Rigidity R/ x R*x
(ft) (£f£~4) (ft~2) (in) sum(R) (ft)
NS-1 24. 0 0 451.601 0.002 38.32% 0.0 0.000
N§-2 24.0 0 0 741.048 0.001 23.35% 40.0 0.054
NS-3 24. [} ] 451.601 0.002 38.32% 80.0 0.177
Sum 0.006 0.231
Centroid from lower left = sum(R*x)/sum(R) H 40.00 ft
Maximum dimension t 80.00 ft
Eccentricity (e) = centroid-(max dimension)/2 : 0.00 ft
e min = 0,05*max. dimension H 4.00 ft
Eccont:icitg (e) used for torsional analysis : 0.00 ft
e min considered only for seismic analysis.
Ass tions used:
Deflections calculated by applying a 1 kip load.
Name h Rigidity dx R*dx Rrdx*dx R*dx/
(ft) (ft sum (R*dx*dx)
NS§-1 12.0 0.006 40. 0.258 10.316 0.01250
NS~-2 1..0 0.003 0. 0.000 0.000 0.00000
NS-3 12 0 0.006 40. 0.258 10.316 0.0125¢
Sum 20.631
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h Rigidit dx R*dx Redx*dx Redx/
t£e) 9 y (ft) sum(R*dx*dx)
NS-1 24.0 0.002 40.0 0.089 3.543 0.0
N§-2 24.0 0.001 0.0 0.000 0.000 0. 0%%50
N$-3 24.0 0.002 40.0 0.089 3,543 0.01250
Sum 7.086
Shear distribution : Fv = V2*R/sum(R)
Torsional moment Mt = Vreg

Torasional component 1 Ft = Ht*R*dx/-un(R*dx*dx)
Total shear to element: Ftotal = Fv +

F. Save the model as: LAT3.BLD.
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Given: The same two story sieel framed administrative bullding located in Misele-
sippl at the Army Ammunition Plant on the coast of the Gulf of Mexico as
shown in lateral exampie 3. Three equally spaced vertical lateral resistance
planes will be considered and the floor and roof diaphragms will be
considered rigid. This example will ulilize masonry shear walls for lateral

resistance.

1-1/2" + 2-1/2" NLWT Concrete Deck

Suspended Celling
1* Carpet & Pad
Mechanical - 3.0 psf
Electrical - 1.0 psf
Steel Beams - 3.3 psf

1-1/2" + 2-1/2° NLWT Concrete Deck

Suspended Celling
S Ply Buiit-up Roofing
4" Rigid Insulation
Mechanical - 3.0 psf
Electrical - 1.0 pef
Steel Beams - 3.3 pef

Required: Perform a shear wall lateral resistance analysis in the N-S direction only.
Use the dead + live + min. roof LL + wind load case.

Solution:




STRUCTURAL ANALYSIS AND DESIGN LATERAL RESISTANCE EXAMPLES

A. Establish Criteria.
1. Open the given model LATERAL4.BLD or enter the following criteria:

Project: Project Name : LATERAL EXAMPLE 4
City/installation : AMMO PLANT
State :MS
Design Load : TM 5-809-1 1986
Regional: Basic Wind Speed : 100.0 mph
Coastal : YES
Site: Wind importance .1
Wind Exposure :C

Distance to Oceanline : 0 miles
B. Draw Volumetric Model.

1. The 3D model is drawn in file LATERAL4.BLD or draw model from the
given information.

» Note:lt is necessary to draw the structural walls to be eventually
considered as shear walls for lateral resistance under 'Draw Struc-
ture’. This should not be confused with planes drawn under 'Draw
Model’ as walls.

) 2. Define lateral resistance vertical plane locations.
‘ a. Select the second floor HORIZONTAL STRUCTURAL PLANE.

:t:I . Select the DRAW STRUCTURE tool palette.

b
c. Select Vertical DEFINE LOCATION frem the Lateral puli-down menu.
d

. Select wall on grid line A. All in plane structural walls above and below
which connect to the wall will be joined to form a vertical lateral resis-
tance plane. Hatched lines will appear to indicate the vertical bracing
location. The location is also labeled NS-1 to indicate lateral resistance
in the north-south direction.

Select Vertical DEFINE LOCATION from the Lateral pull-down menu.
Select wall on grid line C.
Select Vertical DEFINE LOCATION from the Lateral puil-down menu.
Select wall on grid line E.

@._.' . ' _ % . ' _ J -
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3. Define floor and roof diaphragm type.

a. Select Horizontal RIGID DIAPHRAGM from the Lateral pull-down menu.
The 2D view will be labeled as Rigid Diaphragm in the lower right comer

‘and the rigid diaphragm icon will be highlighted in the tool palette.

» Note: Lateral loads will be distributed to the vertical resisting pianes
according to the vertical resisting element stiffness when rigid dis-
phragm is selected. Lateral loads will be distributed to the vertical
resisting pianes according to tributary width or based on a continu-
ous beam model at the user’s choice when fiexible diaphragm is
selected.

» Note: Since this is the first floor diaphragm type defined, ail other
floors and roof pianes will also be defined as rigid.

» Note:You may wish {0 save the model now.

C. Develop Iindependent Load Cases.
1. The loads are aiready applied in flle LATERAL4.BLD or apply the ioads
given above.
» Note: Save model.

D. Establish element parameters to perform the iateral analysis.
1. Select the LOADS AND DESIGN tool palefte.
2. Select material: MASONRY.
E. Preliminary Lateral Analysis
1. Select the load combination: DEAD + LIVE + MIN. ROOF LL + WIND.
2. Select LATERAL RESISTANCE from the Design puli-down menu.
3. Select shear wall location NS-2 on grid line C. The 2D view of the vertical
resistance plane will appear.
4. Select Units options:
a. Select units of FEET and KIPS.
b. Verify load combinationof D+ L+ Lr+ W.

¢. Do not check APPLY LIVE LOAD REDUCTION, PATTERN OCCU-
PANCY LIVE LOAD, USE ACTUAL PROPERTIES, or DL=DECK+SELF
WEIGHT.
5. Select the Wind Direction as SOUTH and the Wind Load as GCPIs0.
Each lateral resistance plane is analyzed for a one thousand kip lateral
force to compare stifiness for wind load distribution.

» Note: A one thousand kip force is used to compare si.sar wall
stitfnesses. A one kip force is used to compare rigid frame stiffnesses.
. A one kip force is used to compare trussed bracing stifinesses.

. Enter a Minimum Roof Live Load output filename.

7. Enter an appropriate filename for the rigid horizontal diaphragm calcula-
tions, tum OFF CONSIDER PERPENDICULAR WALL ELEMENTS AS

FLANGES TO THE LATERAL RESISTANCE SYSTEM and tum off IN-

[
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12.0

c--1+12.0

12.0

PR e I L. T e

1.00 Miniasum Roof (kif)

t 20.0- e 20.0 ;
' P )
i ! '
Rigid
5.37 ) 34@*-’-.-.. 24.0
4 Fv -_6 8.7 k

1.55 n n n 3 '2'17.110“1! in 1.5§

Fte 117k 12.0
Fooft = 9.90 k
N Feelft = 9.25 Kt

9‘»-9*—— . 6. y2apFi®d_ 1420
Fve ' 2520k

Mt = '627.68 k

Ft = 337k 12.0

FeeFt = 28.62 k

N FesFt = 0.72 kit
- T - -0.0

) i t
1.00 Vind (klt) — NS-2 — 42%, 42%
» Note: The seif weight of the shear wall is not included in the dead loed
diagram.
» Note:This version of CASM does not perform an analysis of the shear
wall.
9. Select CANCEL since there is no lateral resistance member design at this
time.
10. Review the Rigid Horizontal Diaphragm Calculations.
Select PRINT DATA from the Flle pull-down menu.
Select only the RIGID DIAPHRAGM output file.
Select either PRINT TO PRINTER or PRINT TO FILE and se'sct OK.

Review the cross seclional properties for each resisting element taken
about the north-south and east-west centroidal axes.

aeop
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» Note: The stiffness of resisting slements are computed at each level.

» Note: The cross sectional properties of resisting elements that occur
repetitively are not duplicated in the output file.

e. Review the center of rigidity calculations in the north-south direction.
When you are finished, retum to CASM.

» Note: The assumptions used in the caiculation of interstory deflec-
tion are included In the output.

» Note: The equations for torsional moment and distribution of tor-
sional shear are inciuded in the output with the magnitudes shown on
the wall elevations previously viewed.

Example 8 Sample Output:

Project : Lateral Examplo 4
Location :+ Ammo Pla
Time : Wed Sep 25, 1991 2:00 PM

Axkxansaasavraars Rigid Horizontal Diaphragm Calculations *A**asaksxassaxsns

NS-1

Level Height: 12.0 ft

Centrojidal Axis
NS NS Moment EW EW Moment

Name t 1 Area Arm Area Arm Area

(ft) {ft) (££~2) {ft) (££43) (ft) (££43)
NS-1 1.00 40.00 40.0 20.00 800 0.00
Sum 40.0 800
Centroid = sum(MomontArea)/sum(Area)
NS Centroid 20.00 ft EW Centroid : 0.00 ft
Av : 40.00 sqft

hgg?ont of Inertia

Name b h 12 Area d Ad~2 I+Ad"2

(ft) (ft) (£t~ 4) (££°2) (ft) (£t~ 4) (£t~ 4)
NS-1 1.00 40.00 5333 40.0 0.00 [+] 5333
Sum 5333
Deflection : 0.084 1 Height : 12.0 ft
Total Deflection : 0.084 in

Level Height: 24.0 ft

Same As Previous Level

NS Centroid H 20.00 ft EW Centroid 0.00 ft
Av : 40.00 sqft Moment of Inortia. 5333 ft~4
Deflection H 0.084 in Height 12.0 ft
Total Deflection : .168 in

NS§-2

Same As NS-1

NS-3

Level Height: 12.0 ft
Centroidal Axis
NS

NS Moment EW EW Moment

Name t 1 Area Arm Area Arm Area
{ft) (ft) (ft~2) (ft) (£t~ 3) (£ft) (£t~ 3)
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us-3 1.00 20.00 20.0 10.00

200

0.00

Sum 20.0
Centroid = -un(uc-. tArea /snl(hx
NS Centroid 10.0

Av l 20.00 oq!t

Moment of Inertia
bh~3/

h 12
(fe) (£e~4)

)
EW Centroid

b Area
(£e) (£t+2)

d
(£e)

200

t 0.00 .

Ad”2 I+Ad”2
(ft~4)

(ft~4)

NS-3 1.00 20.00 667 20.0

0.00

0 667

Deflec

tion ] Q. Height
Total Do!loction H 0.

Level Height: 24.0 ft

667

t 12.0 £t

Same As Previous Level

:a Centroid H] 10.00 £t EW Centroid
H

Deflection t

Total Do!loction H

0.222 1n

Helight
0.444 in

20 00 sqft Moment of Inortin:

0.00 ft

667 ft~4

12.0 £t

Center of Rigidity

Name

h I Av
(ft) (£L74) (££°2)

Deflection Rigidity
(in) 8

R/
um (R)

R¥*x

NS-1 12.0 5333 40 0.084 11.905
NS-2 12.0 5333 40 0.084 11.905
NS-3 12.0 667 20 0.222 4.508

42.05%
42.05%
15.91%

.0 0.000
.0 476.190
.0 360.360

Sum 28.314
c.ntroid tron lowor left = sum(R*x)/sum(R)

H

H

zccontzicitg (o) - controid—(nnx dimension) /2 :

imension H

lccontric!tS.(o) ﬂl.d for torsional analysis :
e min considered only for seismic analysis.

h I Av
[$43] (£L~4) (ft~2)

Deflection Rigidity
(in) s

29.55 £t
80
10.45 £t

R/
um(R)

836.551

R*x

NS-1 24.0 5333 40
NS-2 24.0 5333 40 0.168 5.952
ws-3 24.0 667 20 0.444 2.252

0.168 5.952

42.05%
42.05%

.0 0.000
.0 238.095
.0 180.180

Sum 14.157

Centroid from lower left = sum(R*x)/sum(R) H
Max dimension H
Bccontricltg (o) = contrgid—(nax dimension)/2 :

dimension H
lccontricitg.(c) ‘used for torsional analysis :
e min considered only for seismic analysis.

As.uuptionl used:
144,000 kst
lv = 0.4*Em = 57,600 kaf
All wall thicknesses are
Deflections calculated b
Interstory shear wall de loe ion
action.
cantilever deflection from
Dotloction - P*(h*s)lta'zn*x)+71 2*p*h)/(ntzv)
floor to floor height

29.55 £t

80.00 ft

10.45 £t
00

10.45 ft

lying a 1,000 kip load.
s calculated based on
Deflection at a level in obtained by summing each story’s

418.275

cantilever

Name h Rigidity dx R*dx R*dx*dx R*dx/

(£t) (£t) sum(R*dx*dx)
ns-1 12.0 11.90S 29.5 351.732 10392.070 0.01519
N3-2 12.0 11.905 10.5 124.459 1301.161 0.00537
Hs-3 12.0 4.50% 50.5 227.273 11466.942 0.00981
Sum 23160.173
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Mame h Rigidity  dx Redx Redxvdx R*dx/

(£e) (£2) sum (R*dx*dx)
Ms-1  24.0 5.952  29.5 175.066 5196.938 0.01519
NS-2  24.0 5.952  10.5 62.22 650,580 0.00537
us-3  24.0 2.252  80.5 113.636 $733.471 0.00981
Sum 11560.087

Shear diltribution 1 Fv = V*R/Ju-(ll)

Torsional moment T Mt =

Torsional component 1 Ft = Ht*n*d.x/sun(n'dx'dx)
Total shear to element: Ftotal =

F. Save the model as: LAT4.BLD.
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SEISMIC FORCES |

chapler is intended o present the procedures, assumplions and imitalions
into CASM for the generalion of seismic iateral forces based on
the equivalent static force methodology presented in the TM 5-809-10 Technicel
Manusl July, 1992. This methodology is an exiraction
from The Engineer's Association of Callfornia (SEAOC) Recommended
Latersl Force Requirements end Commentary, 1980 Editlon. Symbols, selsmic
vocabulary and equalions used by CASM and Rustrated in this tutorial are talen
from these documants. The user of CASM is urged fo familiarize himsel with these
documenis before atlempiing to use CASM for selsmic force generation.Both of
these documenis provide guidence to the engineer when special structures or
design conditions require the appiication of a dynamic lateral force procedure.
Dynamic anelysis is beyond the capabliities of CASM.

Every buliding’s structural systemn must meet specific requirements oullined in
SEAOC regarding configuration, vertical and plan lregularities, combinations of
systems, and height imits. Dialog windows can be accessed to help the user test
the sultablily of a bullding system to uillize the equivalent static force procedures.
Generally, ¥ approximale plan and elevation symmetry exists, not only of the
bullding Reelf but also its lateral resistance elements, arangement of openings, and
distribution of mass, it will most fkely qualify for the static lateral force procedure.
Specific SEAOC fimitaiions on height, bullding period and soll profile within certain
selemic zones may require a dynamic analysis procedure, even if all other require-
menis are met. The engineer should carefully assess all of these issues prior 1o
using CASM.

The information required by CASM to determine equivaient static iateral
forces is outlined as follows:
A. Establish Criterla

1. Project dialog window
a. Lateral load resisiance sysiem N/S and E/W: RW

we
oo OO OO
-k
8
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2. Regional dialog window

a. Geographic zone (map) : Z
3. Sie dialog window

a. She geology : S

QO S1: A toll profile with either:
(a) A rock-lke material chasacterized by 8 shesi-wave velocily
w—mz.mlwnm-umm-mu

sification, o
%ﬁ-mmmm.mdmumm

O §2: A 30l profile with dense o1 atift sodl conditions, where the sol
depth sxcosds 200 fest

®s3 A soll piofile 70 fest o1 more in depth and containing more than
20 foet of soit to medium atilf cley but not mase than 40 fest of
O s4: A soll profile. characterized by a shaar wave velocily less than
500 (st per second, containing mote than 40 fest of soft clay.

Note: The site lactor shall be established fiom properly mm-c

Serame hpodlanee bl
O 1. Essential Facilities
O I1. Hazardous Facilities

O 1. Special Dccupancy Structue
@ IV. Standavd Occupancy Structure

B. Draw the complete building model
C. Draw the complete building structural system
1. Horizontal planes
a. Draw beam, girder, column, wall and surface elements
b. Diaphragm types
(1) Select flexible or rigid
2. Vertical planes

a. Draw braced (trussed or shear walls) or unbraced frames at each
desired lateral resistance plane in the north/south and east/west direc-
tions

D. Assign loads
1. Dead loads
a. Area loads for floors and roof
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b. Seli-weights of walls and parapets
2. Live loads
& Snow, when the ground snow load exceeds 30 pet
b. Occupancy, when siorage or warehouse
3. Load combination
E. Generaile seismic loads
1. Review speciral piots
2. Review choloss made above
F. Select Lateral Resistance from the Design puli-down menu
1. Select the desired veriical struciural plane
G. Review and print analysis output: N/S and E/W directions
1. Total bullding weight, total base shear

2. Distribulion of base sheer by floor level, overtuming moments by floor
lovel

3. Center of mess by floor level

4. Center of rigidity by level, eccentricity, torsion
5. Sheer and overtuming moment distribution to resisting elements by floor
lovels

m Seismic Design

s P 3 . .
ROy R LN IS P RN TE P

Given: A two story steel framed administrative building located in Savannah,
Georgla. Three equally spaced vertical lateral resistance planes in the
north-south direction and two in the east-west direction will be considered.
The floor diaphragm will be considered rigid and the roof diaphragm will be
considered flexible. This example will utilize masonry shear walls for lateral
resistance.
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Dead Loads:

Walls:

Solution:

1-1/2° + 2-1/2° NLWT Concrete Deck
Suspended Celling
1° Carpet & Pad
Mechanical - 3.0 pst
Electrical - 1.0 psf
Steel Beams - 3.3 pef

1 1/2* Metal Deck - 20 Gage
Suspended 1/2" Drywall Ceiling
§ Ply Buitt-up Roofing

4° Rigid insulation
Mechanical - 3.0 psf
Electrical - 1.0 psf

Steel Bar Joists 4’ o.c.

8" CMU - Medium Weight - Solid Grouted - 78.0 pst

Required: Calculate seismic forces and perform a shear wall lateral resistance
analysis in the N-S direction only. Use the dead + seismic load case.

A. Establish Criteria.

' 1. Open the given model SEISMIC1.BLD or enter the following criteria:
Project:  Project Name : SEISMIC EXAMPLE 1
City/Installation : SAVANNAH
State GA
Seismic Load : TM 5-809-10 1992
Lateral Resistance System:
N-S :A.2b.
E-W :A.2b.
Regional: Seismic Zone 12A
Site: Seismic Importance 1"
Seismic Soil Factor : 83

B. Draw Volumetric Model.

1. The 3D model is drawn in file SEISMIC1.BLD or draw model! from the
given information.

» Note: it is necessary to draw the structural walls to be eventually
considered as shear walis for lateral resistance under 'Draw Struc-
ture’. This should not be confused with planes drawn under ‘Draw
Model’ as walls.

» Note: It should be understood that the structural model must include
all the lateral resistance slements in the north-south and east-west
directions.
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» Note: Lateral loads will be distributed to the vertical resisting planes
according to the vertical resisting element stiffness when a rigid
diaphragm Is selected. Lateral loads will be distributed to the vertical
resisting planes according to tributary width or based on a continu-
ous beam model at the user’s choice when a flexible diaphragm is
selected.

C. Develop independent Load Cases.
1. The loads are already applied in file SEISMIC1.BLD or apply the loade
given above.

» Note: All the floor and roof dead loads must be assigned before
seismic forces can be calculated.

» Note: Seif-weight of beams and columns can be included in the
building dead weight by either of the following methods: 1. smeared
into the area loads or 2. entered separately in the self-weight dialog
windows as they appear in steps D6 and D7.

» Note:Wail and parapet dead loads are assigned as linear wall loads.

D. Caiculate total seismic forces at each level.

1. Select the LOADS AND DESIGN tc.i palette.
2. Select the Load Combination: DEAD + SEISMIC.

» Note:In order to generate seismic loads, a load combination must be
selected. This Is required since seismic forces may include a percent-
age of occupancy live load and roof snow load under certain condl-
tions.

3. Select SEISMIC from the Loads pull-down menu.

F:‘:‘”...:"" B 5] e |
Ew Spom 1 |5] P[]
Zone: 2 zfoaso |G

k)

Importance: v 1.00

Sod Factor  §3 s 1G]

Output File:  [SEISMIC.TXT

Igﬂldﬂus I | oK I |§anul|

a. Click on SPECTRAL PLOTS to review the Base Shear Spectrum and
the Design Base Shear Coefficient Spectrum.
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QO C1 = 0.035 ior steel moment resisting frames

QO Ct = 0.030 for reinfoiced conciete moment resisting fsames and
eccentric braced steel frames

@|[Ci = 0.020) for all other structures

O ARrermatively, the value of Ct for structures with concrete or
masonry shear wallis may be taken as 0.1/sqet{Ac)

Period T Based On Ct*hn"3/4: soc hn: ft
O Uses Selected Pesiod T: [0.220 ]sec

[zc [¢] LgK | | Cancel |

0. 45p-------p T Ty Tty : : :
lg.ua: : : ; ! Zome _:2h 20 150 |
0 40}t \eed e b b i S0il Factor: S3°  Se1.S.....i
|| ' : : ioCt _:0.020 :
i ; { bn TN N T i
AR I I v ki A o T e 17 S S A
| i i C=1.2585/(T"2/3) ; ;
A I + s ST S e e e
025}l ;
zc | i
| R R s Aatiaat TEGEUER SO TEE EOSIREY SEPRPISES SRTURNEE SPURPORDY SERPERRY
0.15f--f-
0.10 : ------- denenes heeeaees drmmneees Jeennnnne fucnmcnes deeenenns deesenens deeeeans :
o 05 ----l‘-.-l- ....... Moo mmna P S deamevmnn decosmvens devenmonsw devmevascbvoananns dececwvaal
o ool 0:22 : : : : : : ! . :
%99 04 08 1.2 16 208 24 268 32 36 do

T (seconds)
Base Shear Spectrum

(1) Select Ct to have building period (T) calculated by equation in
code or input known period (T). Select CT = 0.020 FOR ALL
OTHER BUILDINGS for this example.

(2) Select ZC/RW - EW to view the Design Base Shear Coefficient
Spectrum.
» Note: If the Rw Is different in both the north-south and east-west

directions, separate ZC/Rw directions will appear. Select the direction
under consideration to view the correct plot.
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Design Base Sheexr Coefficient Spectrum

»
mand.

(3) Select OK when you are finished viewing the spectrums.

b. Review seismic criteria previously selected and make any final correc-

tions.
c. Select OK to begin calculating total seismic forces at each level.

4. Review the dialog windows describing specific criteria regarding con-
figuation, as well as vertical and plan iregularities.

Inegulerity Type and Definition

Note: Both spectrums can be printed using the Print Screen com-

Phan St bree gt

A. Torsions! lnegulaily, to be considered when diaplsagms are not

Torsional inegulatity shall be considerad o exist when the maximum . 1
story drilit, computed including accidental torsion, at one end of the 1.H.2§
structuwre ransverse to an asis is more than 1.2 times the avesage of
the story diifts of the two ends of the structwre.

B. Reentrant Comers
Plan conligunations of a structure and its lateral force-resisting systom
contain resnirant comers, where both projections of the structure
wommmnmmmwmdunm
dimension of the structure in the given direction

C. Diaplvagm Discontinuity
Diaplwagms with sbrupt discontinuities or variations in stiffness.
including those having cutout or open arsas greater than 50 percent
of the grass enclosed area of the diapleagm.

D. Out-of-Plane Offsets
own.mdfuum such as out-of-plane offsets of
the vertical element

E. dedsm
The vertical lateral load tesisting cloments ase not paralie! to nov
symmeolric about the major arthogonal ases of the latesal Iosce

resisting system.
==

1.H.2i4)

1H.1c

1.H.2i{4). 1.H.2¢5)

1.E.7b, 1.H.2{(4)
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Relerence
inegularity Type and Definkion Sachh
A. Stilfness | - Solt Steny
A 20R story is one in which the lsteral stiffness is less than 70 1.0.86(2)

) w.i.u (mass) |
ass iregulmity

. Discontimslly in Capacity - Wesk Story

parcent of that in the story above o1 less than 40 percent of the
combined stifiness of the thuee stories above.

ﬁ be considered to exis! where the eifective mass 1.0.80(2)
dmmkmm1wmdmm-uadn

adiscent story. A 100f which is lighter than the floor below need not

be considered a mass inegulerity.
Vestical Geometric lrregulasity
Vestical gsometric regularity shall be considered to exist where the 1.0.8b§2)
horizontal dimension of the leteral force resisting system in any stery

is move than 130 parcent of that in an adiacent story. One-story
ponthouses need not be considered.

In-Plane Discontinuity in Vertical Latoral Force Resisting Element
meﬂdhuadbdtmm:mum 1EM

the length of those clements.

AMG%mhMﬂndmmhhhaMﬂ 1.0.9a

in the stary above. The story strength is the totel
m-uhddm-cm sharing the story shear for

the dwection under consider
(K] (goncn]

»

»

a. Select Cancel if any described irregularity exists. Seismic forces will not
be calculated. A dynamic analysis, which is beyond the capabilities of
CASM, will be required.

b. Select OK if no iegularities exist and to continue the equivalent static
force procedure. The Ct dialog window will appear.

5. Select CT = 0.020 FOR ALL OTHER BUILDINGS to have the period cal-
culated from the code prescribed equation and select OK.

Note: The user has the option of entering a known period (T) to
override calculation bi the code ﬂbﬂ.
QO Ct = 0.035 for steel moment resisting frames
O Ct = 0.030 for reinforced concrele moment resisting (rames
and eccentric braced hhames

@ Ct=0.020 for all other buildings

O sitematively, the value of Lt tor stuctures with concrete
o1 masorug chear wolls may be taken ac 0.1 /vgtiAc)

Pesiod T Based On Cthn"3/4: sec
O User Selected Period T: soc

(once]
6. Enter an Estimated Beam Self Weight of 20.0 pif and select OK.

Note: This is based on the fact that the girder self weights have not
been smeared into area loads.
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» Note: The lengths of all girders on the grid iines are multiplied by the
self-weight to be included in the mass caiculations. The weights of
the beams and joists off the grid lines are siready smeared into the
floor and root dead loeds.

7. Enter an Estimated Column Self Weight of 24.0 p¥ and select OK.

» Note: This is based on the fact that the column weights have not been
smeared into the area lcads.

8. Enter an appropriate Center Of Mass File Name in the Center Of Mass
dialog window and select OK.

f'llll.:ICEllHAs&Jx1 |

D =

9. A Seismic dialog window will prompt you to verify that all loads have been
applied and the comrect load combination selected. Select YES to con-
tinue. Total seiamic forces at each level are now calculated.

10. Review the seismic force at each level and the center of mass output files.

Have ALL the lesds been applied to the
struchure and the correct lssd combination
selected?

Ge) (e

a. Select PRINT DATA from the File puli-down menu. The Print Data dialog
window will appear.

b. Select only the SEISMIC and CENTER OF MASS output files at this
time.

c. Select either PRINT TO PRINTER or PRINT TO FILE and selecl OK.

d. Review total building weight, totai base shear and total force and
overturning moments at each level. Review the center of mass at each
level in both the north-south and east-west directions. When you are
finished reviewing the output, retum back to CASM.

Example 1 Sample output:
Project ] s.iamAc Example 1
Loez ion : Savannah
Seismic Code: ™™ 5-009-10 1991
Time t Wed Oct 09, 1991 3:57 PM

AXRINKERRARRRAANRAARARRRANNN S@Iiamic ANALYSLS AAXXARAANKAANRRARRRRRX RN AR

3. Roof s 135.1 k
2. Second Floor H 277.8 k
Total Euilding Weight (W) H 412.9 k
(e 2222228222222 2222232222222 ] N - S ‘nd E - W O ERRARRAAARRA A AR RRAR AR AR A kR

Zone: 2A: Z = 0.15

I rtance Catogory Iv: I = 1.00
oll Factor: 83: S = 1.5

{aton: A2b: Rw = 6

Cct = 0,020

hn = 24.0 ft
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T = Ct*hn 34 sec
C ™ 1,25*3 A2/3 - $.15 > 2.78
C = 2,78
C/Rw = 0,458 > 0.075
W= 412,99 k
Y - ziltctu/n'
1 V= 28.4 k 1
? < 0.7 sec R
1 Ft = 0.0 k 1
1 V-Ft = 28.4 k |
Floor to w*h/ sum(F)
Level h Floor h w sum(w) w*h sum{w*h) r A\
(£t) (£L) (x) (k) (kft) (k) (k)
Ft = 0.0
3 24.0 135 3242 0.493 14.0
12.0 135 14.0
2 12.0 278 3333 0.507 14.
12.0 413 28.4
1 0.0
Sum 413 6576 1.000 28.4
Floor to sum (F) Ft+sun(!)/
Level h Floor h w sum (w v OT™ sum (OTM) sum (w)
(£L) (£t) (k) (k) (x) (kft) (kft)
24.0 135
12.0 135 14.0 168 0.104
12.0 278 168
12.0 413 28.4 341 0.069
1 0.0 509
Sum 413 509
Project : Seismic Example 1
Locgtion ¢t Savannah
Time t Wed Oct 09, 1991 3:57 PM

RARRRRARARRARRRRARRAARRRRAAAY Cantor Of Mass AArttwddhdnk kAR AR Ak AN AN AARER AR

Roof =-- 24.00 ft

Name Woight NS NS*Weight EW EW*Weight
4 (££) (KELS (£2) (REES

Wall Type 1 18.7 20.0 374.4 0.0 0.0
Wall Type 1 9.4 40.0 374.4 10.0 93.6
Wall Type 1 18.7 20.0 374.4 40.0 748.8
Wall Type 1 9.4 10.0 93.6 80.0 748.8
Wall Type 1 q.7 0.0 0.0 75.0 351.0
Roof Type 1 67.2 20.0 1344.0 40.0 2688.0
Beam Self Weight 6.2 20.0 124.0 40.0 248.0
Column Self Weight 0.9 20.0 17.3 40.0 34.6
Sum 135.1 2702.1 4912.8
N-S Center Of Mass: 20.00 ft

E-W Center Of Mass: 36.36 ft

Second Floor -- 12.00 ft
Name Hoight NS NS*Weight EW EW*Weight
(k) (ft) (kft? (ft) ft?

Wall Type 1 37.4 20.0 748.8 0.0 0.0
Wall e 1 18.7 40.0 748 .8 10.0 187.2
Wall Type 1 37.4 20.0 748.8 40.0 1497.6
Wall Type 1 18.7 10.0 187.2 80.0 1497.6
Wall e 1 . 9.4 0.0 0.0 75.0 702.0
Floor e 1 148.2 20.0 2963.2 40.0 5926.4
Beam 3Se Weight 6.2 20.0 124.0 40.0 248.0
Column Self Weight 1.7 20.0 34.6 40.0 69.1
Sum 277.8 5555.4 10127.9
N-S Center Of Mass: 20.00 £t

E-W Center Of Mass: 36.46 ft
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E. Establish element parameters to perform the iateral analysis.

kv oy

1. Select the LOADS AND DESIGN ool paletts. L

2. Select material: MASONRY. -
F. Preliminary Lateral Analysis

1. Select the load combination: DEAD + SEISMIC. '

2. Select LATERAL RESISTANCE from the Design pull-down menu. =

3. Select the sheer wall location NS-2 on grid line C. The 2D view of the ver-

4. Select Units options: i:ﬁ

»

»

»

a. Select units of FEET and KIPS.
b. Verify load combination of D + E.

c. Do not check APPLY LIVE LOAD REDUCTION, PATTERN -
PANCY LIVE LOAD, USE ACTUAL PROPERTIES, DL=DECK+SELF
WEIGHT, or RE-ANALYZE ALL ADJOINING MEMBERS.

5. Select CONTINUOUS BEAM MODEL from the Flexible Disphragm dislog
window to distribute the seismic forces on the flexible diaphragm roof
plane using the continuous beam model. Select OK and the Rigid Horizon-
tal Diaphragm Caiculations dialog window appears.

6. Tum ON CONSIDER PERPENDICULAR WALL ELEMENTS AS
EL_AESTOTHE LATERAL RESISTANCE SYSTEM, tum OFF IN-

R WALL STIFFNESS, enter an appropriate

FloNamomdselodg The load caiculations will begin.

Note: The option exists when floor or roof diephragms are consid-
ered rigid to either 1) assume the perpendicular wall elements are not
attached for the computation of wall cross sectional properties, or 2)
inciude perpendicular wall elements as attached for the computation
of wall cross sectional properties. Only 6 times the wall thickness wiil
be used for the attached perpendicular length in the caiculations. This
permits treating walls as L, C, T, or Box (back to back C's) shaped.

Note: Each lateral resistance plane is analyzed for a one thousand
kip lateral force to compare stiffness for seismic load distribution on

the rigid diaphragm fioor plane.

Note: A one thousand kip force is used to compare shear wall
stiffnesses. A one kip force is s« to compare rigid frame
stiffnesses. A one kip force is us=¢ i: compare trussed bracing
stiffnesses.

7. Review the loads on the shear wall by scrolling through the list in the
View Loads dialog window. Select OK when you are finished viewing the
load diagrams. The Seismic Lateral Resistance Locations dialog window
will appear.

5-11
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» Note: The two story shear wall elevation ilustrates the applied sels-
mic forces at each level as a concentrated load. The sheer (Fv) at each
level plus the shear associated with any torsion (Ft) is tabulated and
divided by the length of the shear wall to cairulate the shear load per
lineal foot carried by the wall. The heading includes the percentage of
the total seismic force distibuted to this shear wall at the rigid floor

diaphragm level.
» Note: The self weight of the shear wall is not included in the dead load
diagram.
» Note: This version of CASM does not perform an analysis of the
shear wall.
Q.. @ .. O
i i i
8.75 : : !F!".!.illl.'r{{ﬁ"o"imwt
Fo» 9875k
Mt = 0.00 k
Ft = ' 0.00k 12.0
- FusFt = 8 7% k
FosFt = k1t L
.84 b ; 2 Rigid_ 170
Fv = 14 59 k
Mt = 222 50 k
Ft = 097k 12.0
FusFt = 15.56 k
Fu+eFt = 0 39 kit
- -t - --0 0

i '
1.00 Seismic (klf) -- NS-2 -- F. 41%

© .. 9 ©

]
0.07 0.14 007
. & 0.04 @ 0.04 tk'l_agli_b_lpi STB““NS
i
i
' 120
0.22 0.44 0 4 0 44 0 4 0.44 0.22
- & {} % 4} & igid_ | 4, 9
1
i
i 12 0
I
!
- f ...... L -0 0
i

1 00 Dead (k1f)
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12.0

~
-
~
L]
~
w
"
s
-
"

igid_ 11200

12.0

& &7 6 & igid
!

1.00 Superiaposed Dead (klf)

8. Enter an appropriate Flle Name and select OK. The shear and overtum-
ing moments disiributed 1o each resisting element at each level are calcu-
lated.

File Name: [ATSEISTCT ]
(] (gonen]

9. mmmmmmwmmusmu—
eral Resistance Locations calculations.

a. Select PRINT DATA from the File pull-down menu. 5
b. Select only the RIGID DIAPHRAGM and SEISMIC RESISTANCE output
files.

c. Select either PRINT TO PRINTER or PRINT TO FILE and select OK.

d. Review the cross seclional properties for each resisting element taken
about the north-south and east-west centroidal axes.

» Note: The stifiness of resisting elements are computed at each level.

» Note: The cross sectional properties of resisting elements that might
occur repetiively in other exampies are not duplicated in the output
file.

» Note: For this example, there are three resisting elements in the
north-south direction and two in the east-west direction.

e. Review the center of rigidity caiculations in the north-south and east-
west directions. When you are finished reviewing the output, retum back
fo CASM.

» Note: The assumptions used in the caicuiation of interstory defiec-
tion are included in the output.
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» Note: The equstions for torsional moment and distribution of tor-
sional shear are included in the output with the magnitudes shown on
the wall elevations previously viewed.

Example 1 Sample Output

: Seismic !xu-plo 1
: Savannah
: Fri Sep 27, 1991 12:53 PM

Project
Location
Time

wRAkRAARAAAAAARAE Rigid Horizontal Diaphragm Calculations #etdasagtswantids

NS-1

Level Leight: 12.0 ft

Centroidal Axis
NS NS Moment 4 ] EN Moment
Name t 1 Area Arm Area Azrm Area
(£L) (£t) (££42) (ft) (££43) (ft) (££°3)
NS-1 0.67 40.33 26.9 20.17 542 0.00 0
Ew-1 0.67 4.00 2.7 40.00 107 2.33 6
Sum 29.6 649 6
Centroid = sun(HonontA:oa)/aum(A a)
NS Centroid 21. BW Centroid H 0.21 ft
Av : 26. 89 sqft
Moment of Inortin
bh+3/
Name b h 12 d Ad~2 I+Ad~2
(£t) (£t) (£L~4) (ft*2) (ft) (££~4) (£t~4)
NS-1 0.67 40.33 3645 26.9 -1.79 86 3731
EW-1 £.00 0.67 1] 2.7 168.04 868 868
Sum 4600
Deflection 0.122 in Height t 12.0 ft
Total Deflection : 0.122 in
N§=-2
Level Height: 12.0 ft
Centroidal Axis
NS NS Moment EW EW Moment
Name t 1 Area Azm Area Arm Area
(ft) (£L) (££~2) (ft) (££43) (ft) (££°3)
N§-2 0.67 40.00 26.7 20.00 533 0.00 [}
Sum 26.7 533 0
Centroid = sum(MomontAtoa)/sum(Atoa)
NS Centroid 20.00 ft EW Centroid H 0.00, ft
Av : 26.67 sqft
Moment of Inertia
bh*3/
Name b h 12 Area d Ad~2 I+Ad"2
(ft) {ft) (££°4) (££+2) (£t) {£ft*4) (££74)
Ng=-2 0.67 40.00 3556 26.7 0.00 0 3556
Sum 3556

5-14




SEISMIC FORCES

Deflection ] .126 in Reight 3 12.0 ft
Total Deflection 0.126 in
NS-3
Level Height: 12.0 ft
Centroidal Axis
NS NS Moment | 4] EN Moment
Name t 1 Area Arm Area Arm Area
(£t) ($43] {££42) (ft) (££~3) (ft) (££~3)
us-3 0.67 20.33 13.6 10.17 138 0.00 0
-2 0.67 4.00 2.7 0.33 1 -2.33 -6
sSum 16.2 139 -6
Centroid = sum(MomentArea)/sum(Area)
NS Centroid . ft EW Centroid H -0.38 ft
Av 13.56 aqft
Moment of Inertia
bh~3/
Name b h 12 Area d Ad~2 I+Ad"2
(£ft) (fr) (£e~4) (££~2) (ft) (£t~4) (££~4)
N3~-3 0.67 20.33 467 13.6 1.62 35 S02
-2 4.00 0.67 0 2.7 -8.22 180 180
Sum 683
Deflection s 0.292 in Height t 12.0 ft
Total Deflection 3 0.292 in
EW-1
Level Height: 12.0 ft
Centroidal Axis
NS NS Moment EW Moment
t 1 Area Area Arm Area
(ft) (ft) (£t~2) (£t) (££+3) (ft) (££~3)
-1 0.67 20.33 13.6 0.00 0 10.17 138
NS-1 0.67 4.00 2.7 -2.33 -6 0.33 1
Sum 16.2 -6 139
Centroid = sun(uononthx.a)/aum(lro
NS Centroid -0.38 ft EI Centroid H 8.55 ft
Av : 13.56 sqft
Moment of Inertia
bh~3/
b h 12 Area d Ad~2 I+Ad 2
(ft) (ft) (f£~4) (££~2) (ft) (£t~4) (ft~4)
EN-1 0.67 20. 33 467 13.6 1.62 35 502
NS-1 4.00 0.6 (4] 2.7 -8.22 180 180
Sum 683
Deflection H 0.292 in Height 3 12.0 ft
Total Deflection 0.292 in
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EW-2
Level BHeight: 12.0 ft
Centroidal Axis
NS NS Moment w EW Moment
Name t 1 Area Arm Area Arm Area
(£t) (£t) (££°2) (ft) (££43) (ft) (££43)
EW-2 0.67 10.33 6.9 0.00 0 5.17 36
NS-3 0.67 4.00 2.7 2.33 6 10.00 27
Sum 9.6 6 62
Centroid = sum(MomentArea)/sum(Area)
NS Centroid H .65 ft EW Centroid 3 6.52 ft
Av H 6.89 sqft
h§g7ont of Inertia
Name b h 12 Area d Ad~2 I+Ad" 2
(£t) (ft) (£t~4) (££°2) (£t) (£t~4) (£t~4)
EW-2 0.67 10.33 61 6.9 -1.35 13 74
NS-3 4.00 0.67 0 2.7 3.48 32 32
Sum 106
Deflection : 0.887 in Height H 12.0 ft
Total Deflection : 0.887 in
Center of Rigidity
Name h I Av  Deflection Rigidity R/ X R*x
(ft) (£L~4) (££°2) (in) sum(R) (ft)
NS-1 12.0 4600 27 0.122 8.196 41.90% 0.2 1.726
NS=2 12.0 3556 27 0.126 7.937 40.57% 40.0 317.460
NS-3 12.0 683 14 0.292 3.429 17.53% 79.6 273.004
Sum 19.562 592.190
Centroid from lower left = sum(R*x)/sum(R) t 30.27 ft
Center of mass from lower left : 36.46 ft
Eccentricity (e) H 6.19 ft
Maximum dimension : 80.00 ft
e min = 0.05*max. dimension H 4.00 ft
Eccentricity (e) used for torsional analysis : 6.19 ft
Name h I Av_  Deflection Rigidity R/ x R*x
(£t) {(ft~4) (££12) (in) sum (R) {ft)
EW-1 12.0 683 14 0.292 3.429 75.26% 39.6 135.845
EW-2 12.0 106 7 0.887 1.127 24.74% 0.7 0.734
Sum 4.556 136.579
Centroid from lower left = sum(R*x)/sum(R) t 29.98 ft
Center of mass from lower left : 20.00 ft
Eccentricity (e) H 9.98 ft
Maximum dimension H 40.00 ft
e min = 0.05*max. dimension : 2.00 ft
Eccentricity (e) used for torsional analysis : 9.98 ft
Assumptions used:
Em = 144,000 kaf
Ev = 0.4*Em = 57,600 ksf
All wall thicknesses are equal.
Deflections calculated b apglyini a 1,000 kip load.
Interstory shear wall deflection s caiculated based on cantilever
action. Deflection at a level is obtained by summing each story'’s
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cantilever deflection from
Do!loction = P*(h*
= floor to floor height

)/ (3*Em*I)+ 1 2*P*h)/(A'EV)

Name Rigidity dx R¥dx R*dx*dx R*dx/

( (fe) sum {R*dx*dx)
Ng-1 12.0 8.196 3.1 246.400 7407.324 0.01385
N§-2 12.0 7.937 9.7 77.200 750.947 0.00434
NS-3 12.0 3.429 49.3 169.199 8348.919 0.00951
Ew-1 .0 3.429 9.6 3.0 318.737 0.00186
EW-2 .0 1.127 29.3 33.060 969.446 0.00186
Sum 17795.373

Shear distribution
Toxrsional moment

Torsional component
Total shear to element: Ftotal = Fv +

1 Fv = V*R/sun(R)
t Mt =

Project H Soianlc Exnnplo
Location t Sav
301:-10 Code: IH 5—009-10 199
t Wed Oct 09, 1991 4:02 PM

RAARAAARAARRAAANAY Geigmic Lateral Resistance

st Ft = Ht*R*dx/sum(R*dx*dx)

Locations A*AkkxAkAkskARAARAN

NS-1 -~ F, 42%
Floor to sum(F)
Level h Floor h F v OTM  sum(OTM)
($43] {fr) (k) (k) [§.34) (kft)
24.0 14.0
12.0 14.0 168
12.0 14.4 168
12.0 28.4 341
1 0.0 509
Sum 28.4 509
NS-2 -- F, 41%
Floor to sum(F)
Level h Floor h F sum (OTM)
(ft) (ft) (k) (k) (kft) (kft)
24.0 14.0
12,0 14.0 168
12.0 14.4 168
12.0 28.4 341
0.0 509
Sum 28.4 509
NS-3 -- F, 18%
Floor to sum(F)
Level h Floor h F v sum(OTM)
(fe) (fe) (k) (k) (kft) txft)
24.0 14.0
12.0 14.0 168
12.0 14.4 168
12.0 268.4 341
1 0.0 509
Sum 28.4 509

G. Save the model as: SEISMIC1.BLD.
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QUANTITY TAKEOFFS

his chapter is intended to describe the procedures incorporated in CASM to
accumulate quantities appropriate for preliminary cost estimating. information
stored from the geometric model and from the selection of members utilizing the
CASM Spreadsheets is used for automatic generation of material quantities. When

spreadsheets do not exist to design a particular type of element, the user must
manually enter the necessary informetion. Three levels of quantity take-offs might

be considered useful by the engineer during his preliminary comparison of structural
systems: (1) one typical interior bay, (2) one typical level, or (3) the entire building’s
structural system. The choice is linked to the number of different members the user
cares to design, as well as time and storage considerations.

TYPICAL INTERIOR BAY - SYSTEM COMPARISON
Example 1:

Given: A five story, 4 bay by 8 bay bank and office building located in Chanf;aign,
ilinois with dimensions as illustrated below. Occupancy live load shall be
50 pst.

The following three floor framing schemes will be considered for this
comparison:

A. Steel Bar Joists 2’ o.c.

Dead Loads: 3" NLWT Concrete
19/32" Metal Form Deck
Suspend Accoustical Tile Ceiling
Mechanical - 3 psf.
Electrical - 2 psf.
Partitions - 10 psf.
Carpet and Pad
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+ + —

I, 24 TP
1

B. Steel Non-Composite Beams at 8’ o.c.

Dead Loads: 2-1/2° NLWT Concrete
2" Composite Deck - 20 ga.
Suspend Accoustical Tile Ceiling
Mechanical - 3 psf.
Electrical - 2 psf.
Partitions - 10 psf.
Carpet and Pad

+
t
t
|

+ —

/2" METAL DECK b+
2-1Y2" nwt /s 3

TYP GIRDER
——

+

I, JOW =20 TP
£

C. Steel Composite Beams/Slab at 8’ o.c.

Dead Loads: 2-1/2" NLWT Concrete
2" Composite Deck - 20 ga.
Suspend Accoustical Tie Ceiling
Mechanical - 3 psf.
Electrical - 2 psf.
Partitions - 10 psf.
Carpet and Pad

M 4

62
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TYPICAL INTERIOR BAY - SYSTEM COMPARISON QUANTITY TAKEOFFS

TYP_GRDER + o

L 306 =24 TP I,
1 71

: Determine the material quantities for a typical interior bay’s floor framing
for the three given schemes.

Solution:

ECHEMEASEiRo'RaRI0ifte

A. Establish Criteria
1. Enter the following Project criteria.

Project: Project Name : BANK - SCHEME A
City/Installation : CHAMPAIGN
State T

B. Draw Volumetric Model and Structure

» Note: It is only necessary to extract a 2 bay by 2 bay by 1 story high
model! from the buliding to design a typical interior bay.

1. Draw a CUBE with the dimensions of 48’ by 48’ by 13’ high.
2. DEFINE GRID as 24' by 24".
3. Select a HORIZONTAL STRUCTURAL PLANE. -
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4. Draw the NARROWLY SPACED Linear joist elements 2’ p.c. as shown
above.

5. Draw the ONE-WAY Surface elements as shown above.
6. Draw the two WIDELY SPACED Linear elements, one a beam, the other
a girder, as shown above.

» Note: The rolied steel beam and girder quantities for one bay include
only one beam and oniy one girder.

C. Develop Independent Load Cases
1. Create and assign the OCCUPANCY LIVE LOAD of 50 psf to the entire

fluor plane. -
2. Create and assign the FLOOR DEAD LOAD to the entire floor plane.
Deck : 3" Metal Form Deck + NLWT Concrete
Ceiling : Suspend Accoustical Tile Ceiling
Mechanical : 3 pst.
Electrical 12 psf.
Partitions : 101-200 pif - 10 psf.
Finish : Carpet and Pad
» Note: The joist self weight will be smeared into the area load during
the joist design.

3. Sawve the model as QUANT1.BLD for use in schemes B and C.
D. Establish element parameters to design a typical open-web steel joist.
1. Select STEEL from the Material pull-down menu.
2. Select OPEN-WEB JOISTS - K from the Surf/Line pull-down menu.
3. Select any handle in the comer bay A1-B2.
4. Review the Linear Elements and the Element Attributes dialog windows.
E. Preliminary analysis of a typical open-web steel joist.
1. Select the Load Combination: DEAD + LIVE.
2. Select PRELIMINARY from Design puli-down menu.
3. Select Units options:
a. Select units of FEET and POUNDS.
b. Verify load combinationof D + L.

c. Do not check APPLY LIVE LOAD REDUCTION, PATTERN OCCU-
PANCY LIVE LOAD, USE ACTUAL PROPERTIES, DL=DECK + SELF
WEIGHT, or RE-ANALYZE ALL ADJOINING MEMBERS.

4. Select the connectivity as a HINGE and a ROLLER.

5. Enter an Estimated Self Weight of 7.0 psf and tum ON UPDATE AREA

6. Enter an appropriate Analysis File Name. Preliminary analysis begins.
7. View the shear, moment, defiection, loads and reactions diagrams.
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F. Preliminary design of a typical open-web steel joist.

1. Select EXECUTE EXCEL in the Excel Data dialog window. The CASM
program will become an icon and Excel will be executed loading the open-

web steel joist design spreadsheet.

2. Review the open-web steel joist design options listed.

3. Select the 16K2 since it is the lightest possible joist and send the member
size to CASM.

» Note: The actual weight (5.5 pif) of the bar joist will be used in the
quantity take-off caiculations. The estimated joist weight (7.0 pif) will
still be used for the applied load to the beams, girders and columns.
it is possible to revise the joist weight in the fioor dead load based on
the engineer’s judgement. it will not be done in this example since the
weights are reasonably close.

4. Retum to CASM. The selected joisksize will be displayed on the floor
plane.
G. Analyze and design the beam paraliel to the joists on grid line B.

» Note: Follow similar procedure as used for the joist design.

1. Analyze a Widely Spaced Steel Rolled Section with an estimated self fa
weight of 22.0 pif. Do NOT update the area structure loads. Assume a B
Hinge and a Roller for connectivity.

2. Design the beam in Excel and select a W 12 x 14, sending the member
size to CASM.

3. Retum to CASM. The selected beam size will be displayed on the fioor
plane.
H. Analyze and design the girder perpendicular to the joists on grid line 2.

» Note: Follow similar procedure as used for the beam design.
1. Analyze a Widely Spaced Steel Rolled Section with an estimated self R
weight of 50.0 pif. Assume a Hinge and a Roller for connectivity. .

2. Design the girder in Excel and select a W 21 x 50, sending the member
size to CASM.

3 g;t'u‘;ntoCASM. The selected girder size will be displayed on the floor
(. Analyze and design the metal form deck. =
1. Change the Load Combination to D (Dead Load 1.0). T
2. Select Form Deck from the Surface/Linear menu.
3. Select Preliminary from the Design puil-down menu. ‘
4. Select units as feet and pounds.
5
6

. Do not include superimposed dead load.
. Select EXECUTE EXCEL.
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7. Select NLWT concrete (145 psf) and 3 inch siab depth from the Member
menu

8. Select formdeck size from spreadsheet as 9/16"-26 GA.
9. Check box to send member size to CASM.
10. Select Retum to CASM from the File pull-down menu.

J. Perform quantity take-off for the typical interior floor bay.

$ 1. Select QUANTITY TAKE-OFF from the Design pull-down menu. The
Quantity Take-off dialog window will appear.

gty i
[ Overide celculated square footage of
total floor and 100f planes.
Single Bay Dimensions:

& Cunent Stuctural Plane
File Namo: [QUANTITY.TXT

Lge ] [goncel ]

2. Tum ON QVERRIDE CALCULATED SQUARE FOOTAGE OF TOTAL
FLOOR AND ROOF PLANES.

» Note: The CASM default calculates the total square footage based on
the size of the model created. It is necessary to override this proce-
dure when a single bay quantity take-off is required. The quantites per
square foot will then be correctly calculated for one bay.

Enter the Single Bay Dimensions of 24.0 feet by 24.0 feet.

Tum ON CURRENT STRUCTURAL PLANE.

Enter an appropriate File Name.

Select OK to perform the quantity take-off. Notepad will automatically be

executed loading quantity take-off output file.

L I
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7. Review the quantily take-off.
» Note: Structural elements drawn but not designed appeear on the

output without descriptions or weights.
Scheme A Sample Output
Project t Bank - Scheme A
Location H Chlngaign
Time t Mon Sep 30, 1991 10:47 AM

KRNRRARRRRRRARARRRAARRRRARAN QUARELILY TAK@—OFf *AAAKARANKANRAMKRARNAINKRA AR

Roof - 2
Plan Area: 24.0 ft x 24.0 ft: 576.0 sqft

Floor - 1
Plan Area: 24.0 ft x 24.0 ft: 576.0 sqft
STEEL: Narrowly Spaced Elements

Weight/ Total
Description Length Woight Element No. Weight
(£L) (plf) {1lbs) {1bs)
16K2 24.0 5.5 132.0 11 1452
24.0 .0 0.0 22 0
Sum 1452
Total Weight H 0.7 tons
Weight Per Square Foot @ 2.5 pat
STEEL: Widely Spaced Elements
Weight/ Total
Description Length Weight Element No. Weight
(£8) (plf) (1lbs) (1bs)
w21 x 50 24.0 50.0 1200.0 1 1200
w12 x 14 24.0 14.0 336.0 1 336
Sum 1536
Total Weight : 0.8 tons
Weight Per Square Foot 2.7 psf
STEEL: Surface Elements
Total Conc Conc Total Weight
Description Dogth Area Weight Weight Weight Conc
(in) (sqft) (psf) (pcf) (paf) (lbs) (lbs)
9/16-26 GA FRM DK + 4" NLX 3.0 576 0.9 145.0 32.0 518 18432
0.0 1152 0.0 0.0 0.0 o 0
Sum 518 18432
Concrete Cubic Yards t 4.7
Total Weight H 0.3 tons

K. Save the model as: QUANT1A.BLD.
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A. Establish Criteria

1. OPEN the file QUANT1.BLD.

2. Change the Project Name to BANK - SCHEME B.
B. Draw Structure

1. Select a HORIZONTAL STRUCTURAL PLANE.
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2. Delete the NARROWLY SPACED Linear joist elements.

3. Draw the two third point WIDELY SPACED Linear elements as shown
above.

C. Develop Independent Load Cases
1. Modify the following FLOOR DEAD LOAD components.
Deck: 2" Metal Deck + 2-1/2" NLWT Concrete
Structure: Steel Beams - 0.0 pif

» Note: The beam self weight will be smeared into the area load during
the beam design.

2. Select SAVE in the Floor (DL) dialog window to update the floor area
dead load.

3. Save the model as QUANT1.BLD.
D. Establish element parameters to design a typical third point steel beam.

1. Select STEEL from the Material pull-down menu.

2. Select ROLLED SECTIONS from the Surf/Line pull-down menu.

3. Select either handle in the comer bay A1-B2.

4. Review the Linear Elements and the Element Attributes dialog windows.
E. Preliminary analysis of a typicai third point steel beam.

1. Select the Load Combination: DEAD + LIVE.

2. Select PRELIMINARY from Design pull-down menu.
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3. Select Units options:
a. Select units of FEET and KIPS.
b. Verify load combinationof D + L.

c. Do not check APPLY LIVE LOAD REDUCTION, PATTERN OCCU)-
PANCY LIVE LOAD, USE ACTUAL PROPERTIES, DL=DECK + SELF
-ANALYZE ALL NING M .
4. Select the connectivity as a HINGE and a ROLLER.

5. Enter an Estimated Self Weight of 30.0 pef and tum ON UPDATE AREA
STRUCTURE LOADS.

6. Enter an appropriate Analysis Flile Name. Preliminary analysis begins.
7. View the shear, moment, deflection, loads and reactions diagrams.
F. Preliminary design of a typical third point steel beam.

1. Select EXECUTE EXCEL in the Excel Data dialog window. The CASM
program will become an icon and Excel will be executed loading the steel
beam design spreadsheet.

2. Review the steel beam design options listed.

3. Select the W 18 x 26 since it is the lightest possible beam and also the
deepest 26 pif beam choice and send the member size to CASM.

» Note: The actual weight (26.0 pif) of the beam will be used In the
quantity take-off caiculations. The estimated beam weight (30.0 pif)
will still be used for the applied load to the beams, girders and
columns. it is possible 10 revise the beam weight in the floor dead
load based on the engineer’s judgement. it will not be done in this
example since the weights are reasonably close.

4. Retum to CASM. The selected beam size will be displayed on both of the
third point beams.

» Note: Since neither third point beam was designed, the selected size
was copied to both beams. if both beams were aiready designed, only
the selecied beam'’s size would be updated. Use the Copy Design
command to update the other beam’s size.

G. Analyze and design the beam paraliei to the third point beams on grid line
B.

» Note: Since this beam carries the same loads as the third point
beams, the design size and properties only need to be copied from a
third point beam.

1. Select COPY DESIGN from the Edit pull-down menu. Handles will appear
on all structure designed.
2. Select one of the third point beam handles.

3. Select the beam on grid line B. The beam size will be displayed next to
the beam.
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4. Double dlick the right mouse key to end copying the beem design size
and properties.
H. Analyze and design the girder perpendicular to the third point beams on
grid line 2.

» Note: Follow similar procedure as used for the third point beam
design.

1. Analyze a Widely Spaced Steel Rolled Section with an estimated selt
weight of 50.0 pif. Do NOT update the area structure loads. Assume a
Hinge and a Roller for connectivity.

2. Design the girder in Excel and select a W 21 x 50, sending the member
size to CASM.

3. Retum to CASM. The selected girder size will be displayed on the floor
plane.
|. Analyze and design the composite metal deck + concrete.
» Note: The spreadsheet for the design of composite metal deck +

concrete is currently under development, therefore the deck size and
properties must be manually inserted by the engineer.

. Select MODIFY DESIGN from the Edit pull-down menu. Handles will ap-
pear on all structural elements drawn.

Select the one-way surface handle. The Design dialog window will appear.
Select the Material as STEEL.

Enter the Description as 2" - 20 GA + 2-1/2" CONC.

Enter the Weight of the composite metal deck as 2.0 psf.

. Enter the pounds per cubic foot Concrete Weight as 145.0 pcf.

Enter the pounds per squasa foot Concrete Weight as 40.0 psf.

. Enter the Depth as 4.5 inches.

Select OK when finished. The selected surface description will be dis-
played on the floor plane.

J. Perform quantity take-off for the typical interior floor bay.

1. Select QUANTITY TAKE-OFF from the Design pull-down menu. The
Quantity Take-off dialog window will appear.

. Tum ON OVERRIDE CALCULATED SQUARE FOOTAGE OF TOTAL
FLOOR AND ROOF PLANES.

. Enter the Single Bay Dimensions of 24.0 feet by 24.0 feet.

. Turn ON CURRENT STRUCTURAL PLANE.

. Enter an appropriate File Name.

Select OK to perform the quantity take-off. Notepad will automatically be
executed loading quantity take-off output file.
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7. Review the quantity take-off.
Scheme B Sample Ovtput:

Project 1 Bank - Scheme B
Location : Ch ign
Time t Mon 3ep 30, 1991 10:46 AM

ARRANNRRRARRARARRAARRAARRRRANAR Qu‘ntity Take~off *hrrrAAkkddhdhkhbhhhkAbhhdhdrs

Reoof - 2
Plan Area: 24.0 ft x 24.0 ft: 576.0 sqft

Floor - 1
Plan Area: 24.0 ft x 24.0 ft: 576.0 sqft
STEEL: Widely Spaced Elements

Weight/ Total
Description Length Weight Element No. Weight
(£L) (plf) (1ba) (1bas)
W2l x 50 - 24.0 50.0 1200.0 1 1200
W 16 x 26 . 6.0 624.0 3 1872
24.0 0.0 0.0 4 0
Sum 3072
Total Weight H 1.5 tons
Weight Per Square Foot : 5.3 pst
STEEL: Surface Elements
Total Conc Conc  Total Weight
Description Dogth Area Weight Weight Weight Conc
(in) (sqft) (psf) (pcf) (psf) (lbs) (1bs)
2% -~ 20ga + 2-1/2* Conc. 4.5 576 2.0 145.0 40.0 1152 23040
0.0 1152 0.0 0.0 0.0 0 0
Sum 1152 23040
Concrete Cubic Yards ] 5.9
Total Weight 3 0.6 tons

K. Save the model as QUANT1B.BLD.

6-11




QUANTITY TAKEOFFS TYPICAL INTERIOR BAY - SYSTEM COMPARISON

A. Establish Criteria
1. OPEN the file QUANT1.BLD.
2. Change the Project Name to BANK - SCHEME C.
B. Draw Structure
1. The structure is already drawn correctly from Scheme B.
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C. Develop Independerit Load Cases
1. The floor dead loads are already applied correclly from Scheme B.

D. Establish element parameters to design a typical composite third point
gteel beam.

1. Select STEEL from the Material pull-down menu.
2. Select COMPOSITE BEAM/SLAB from the Surf/Line pull-dowr ~enu.
3. Select either handle in the comer bay A1-B2.
4. Review the Linear Elements and the Element Attributes dialog windows.
E. Preliminary analysis of a typical composite third point steel beam.
1. Select the Load Combination: DEAD + LIVE.
2. Select PRELIMINARY from Design pull-down menu.
3. Select Units options:
a. Select units of FEET and KIPS.
b. Verify load combinationof D + L.

¢. Tum ON DL=DECK + SELF WEIGHT. Tum OFF APPLY LIVE LOAD
REDUCTION, PATTERN OCCUPANCY LIVE LOAD, USE ACTUAL
PROPERTIES, and RE-ANALYZE ALL ADJOINING MEMBERS.

4. 3elect the connectivity as a HINGE and a ROLLER.

| ETX
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5. Enter an Estimated Selif Weight of 26.0 psf and turn ON UPDATE AREA
STRUCTURE LOADS and turn ON ADD SELF WEIGHT.

6. Enter an appropriate Analysis File Name. Preliminary analysis begins.

7. View the sheer, moment, deflection, loads and reactions diagrams.

F. Preliminary design of a typical third point steel beam.

1. Select EXECUTE EXCEL in the Excel Data dialog window. The CASM
program will become an icon and Excel will be executed loading the steel
beam design spreadsheet.

2. Review the steel composite beam design options listed.

3. Select BEAM CONFIGURATION from the Member pull-down menu and
select the Member Type as a BEAM.

4. Select the W 12 x 19 since it is the lightest possible beam and send the
member size to CASM.

» Note: The actual weight (19.0 plif) of the beam will be used in the
quantity take-off calculations. The estimated beam weight (26.0 pif)
will still be used for the applied load to the beams, girders and
columns. R is possible to revise the beam weight in the floor dead
load based on the engineer’s judgement. it will not be done in this
exampile since the weights are reasonably close.

5. Retum to CASM. The selected beam size and number of shear studs witl
be displayed on both of the third point beams.

G. Analyze and design the composite beam paraliel to the third point beams
on grid line B.

» Note: Since this beam carries the same loads as the third point
beams, the design size and properties only need to be copied from a
third point beam.

1. Select COPY DESIGN from the Edit pull-down menu. Handles will appear
on all structure designed.
2. Select one of the third point beam handles.

3. Select the beam on grid line B. The beam size will be displayed next to
the beam.
4. Double click the right mouse key to end copying the beam design size
and properties.
H. Analyze and design the girder perpendicuiar to the third point beams on
grid fine 2.
» Note: Foliow similar procedure as used for the third point bsam
design.

1. Analyze a Widely Spaced Composite BeanvSiab with an estimated self
weight of 40.0 pif. Do NOT update the area structure loads. Assume a
Hinge and a Roller for connectivity.

2. Design the girder in Excel.

'I'v",- ! ?Q
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I
»

J.

3.

a. Select BEAM CONFIGURATION from the Member pull-down menu and
select the Member Type as GIRDER.

b. Select a W 16 x 40, sending the member size to CASM.

Retum to CASM. The selected girder size along with the number of shear
studs will be displayed on the floor plane.

Analyze and design the composite metal deck + concrete.

wad
.
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Nofe: The spreadsheet for the design of composite metal deck +
concrete Is currently under development, therefore the deck size and
properties must be manually inserted by the engineer.

Select MODIFY DESIGN from the Edit pull-down menu. Handles will ap-
pear on all structural elements drawn.

Select the one-way surface handle. The Design dialog window will appear.
Select the Material as STEEL.

Enter the Description as 2° - 20 GA +2-1/2" CONC.

Enter the Weight of the composite metal deck as 2.0 psf.

Enter the pounds per cubic foot Concrete Weight as 145.0 pcf.

Enter the pounds per square foot Concrete Weight as 40.0 psf.

Enter the Depth as 4.5 inches.

Select OK when finished. The selected surface description will be dis-
played on the floor plane.

Perform quantity take-off for the typical interior floor bay.

1.

N

[ B B

Select QUANTITY TAKE-OFF from the Design pull-down menu. The
Quantity Take-off dialog window will appear.

Tum ON QVERRIDE CALCULATED SQUARE FOOTAGE OF TOTAL
FLOORAND ROOF PLANES.

. Enter the Single Bay Dimensions of 24.0 feet by 24.0 feet.

. Tum ON CURRENT STRUCTURAL PLANE.

. Enter an appropriate File Name.

. Select OK to perform the quantity take-off. Notepad will automatically be

executed loading quantity take-oft output file.

. Review the quantity take-off.

614




TYPICAL INTERIOR BAY - SYSTEM COMPARISON

QUANTITY TAKEOFFS

Scheme C Sample Quipyt:

Project t Bank - Scheme C
Location t Chnugaign
Time t Mon Sep 30, 1991 12:56 PM

ARRRAANRARARRNERARRARRAN NSRS Quantity Take—off *rAssakaws

ARRARARN AR AR AN AN

Roof - 2

Plan Area: 24.0 ft x 24.0 ft: 576.0 sqft

Floor - 1

Plan Area: 24.0 ft x 24.0 ft: 576.0 sqft
STEEL: Widely Spaced Elements

Weight/ Total
Description Length Weight Element No. Weight
(ft) (plf) (1bs) {1lba)
W 16 x 40 358) 24.0 40.0 960.0 1 960
W 12 x 19 (20) 24.0 19. 456.0 3 1368
24.0 0.0 . 4 0
Sum 2328
Woight Pei s Foot 1 i pot’
® or are Foo : . s
Numgor of Shg:r Studs H P
STEEL: Surface Elements
Total Conc Conc Total Weight
Description Dogth Area Weight Weight Weight Conc
(in) (sqft) (psf) (pcf) (paf) (1lbs) (1bs)
2" - 20 ga + 2-1/2" Conc. 4.5 576 2.0 145.0 40.0 1152 23040
0.0 1152 . . . 0 0
Sum 1152 23040
Concrete Cubic Yards : 5.9
Total Weight H 0.6 tons

K. Save the modei as QUANT1C.BLD.
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sign. The various parts of the program are sammarized below:

etc.) in an easy manner using pull-down menus, icons, and a mouse.

The Computer-Aided Structural Modeling (CASM) computer program is designed to aid the structural engineer in the pre-
liminary design and evaluation of structural building systems by the use of three-dimensional (3-D) interactive graphics.
CASM allows the structural engineer to quickly evaluate various fruming alternatives in order to make more informed deci-
sions in the initial structural evaluation process. The program was developed by the Information Technology Laboratory in
conjunction with the Computer Aided Structural Engineering (CASE) Project, Building Systems Task Group.

This release of the CASM is designed to aid the user with design criteria, building loads, and structural framing and de-

a. Basic design criteria. The user can enter information directly or retrieve information from a user-definable database.
The design criteria include information about the project, regional design information, and site-specific design information.
b. Building geometry. The user can assemble the building shape using 3-D primitives (cubes, prisms, spheres, cylinders,

¢. Dead and live loads. The user can select and construct dead and live loads from several user-definable menus of build-
ing materials and load conditions. These loads can then be applied to any desired area of the building volume.
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d.  Snow and wind loads. These loads are automatically calculated in 3-D using information from the basic design
criteria database. Wind loads are also calculated for components and cladding and open roof structures. These
loads are calculated in accordance with TM 5-809-1.

e. Seismic loads. These loads are calculated based on the equivalent static force method presented in TM 5-809-
10.

/. Structural layout. The engineer can easily and rapidly experiment with various framing schemes inside the de-
fined building volume. Beams, girders, joists, girts, columns, walls, and custom trusses are some of the structural el-
ements that can be modeled.

£ Member analysis and preliminary sizing. The user can apply loads to the building geometry from a list of user-
defined load cases. The shear, moment, and deflection of selected members may be calculated for various loading
conditions (including pattemn loads) and connectivity (including continuous beams). The design of a member is per-
formed using a spreadsheet. .

Data from the various investigated framing schemes can be edited and printed by CASM and used as justification
in a design document.
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